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Abstract 

The Hamiltonian approach to the General Relativity and 
the Standard Model is studied in the context of its consistency 
with the Newton law, the Higgs effect, the Hubble cosmological 
evolution and the Cosmic Microwave Background radiation 
physics. 

The version of the Higgs potential is proposed, where its 
constant parameter is replaced by the dynamic zeroth Fourier 
harmonic of the very Higgs field. In this model, the extremum 
of the Coleman- Weinberg effective potential obtained from the 
unit vacuum-vacuum transition amplitude immediately pre- 
dicts mass of Higgs field and removes tremendous vacuum cos- 
mological density. 

We show that the relativity principles unambiguously treat 
the Planck epoch, in the General Relativity, as the present-day 
one. It was shown that there are initial data of the Electro- 
Weak epoch compatible with supposition that all particles in 
the Universe are final products of decays of primordial Higgs 
particles and W-, Z-vector bosons created from vacuum at the 
instant treated as the "Big-Bang". 
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Introduction 



The unification problem of the General Relativity (GR) and the Stan- 
dard Model (SM) is one of main questions of modern physics. The 
main difficulty of this unification lies in the different theoretical levels 
of their presentation: quantum for SM and classical for GR. However, 
both these theories have common roots of their origin (mechanics and 
electrodynamics) and principles of relativity, and both they are in 
agreement with observational and experimental data. 

It is worthwhile to recall here these common principles of relativity 
and their relation to observational and experimental data. Actually, 
physics arises as a science about measurements and observations. It 
supposes two distinguished reference frames - the observer rest frame 
and the observable comoving frame. In particular, in modern cosmol- 
ogy, comoving frame of the Universe is identified with the Cosmic Mi- 
crowave Background radiation frame that differs from the rest frame 
by the nonzero dipole component of the temperature fiuctuations [jLj . 

Differences between these two frames underlie all principles of 
relativity including the Copernicus - Galilei relativity as a difference 
of initial positions and velocities, and the Poincare - Einstein special 
relativity (SR) [21 [3] as a difference of measurable times in different 
frames. Principles of relativity mean that there are degrees of free- 
dom together with their motion equations and initial data that are 
free from these equations. The Copernicus - Galilei relativity means 
that these degrees of freedom are spatial coordinates of a particle. 
Equations of motion as invariants of the Galilei group and the man- 
ifold of initial data are the main concepts of the first physical theory 
created by Isaac Newton. 

The Poincare - Einstein Special Relativity (SR) means that the 
time coordinate is the degree of freedom of a particle too, so that 
the complete set of degrees of freedom forms the Minkowski space of 
events. A geometric interval on the line of a particle in this space 
of events is formed by its metric with a single component (the lapse 
function) , and there are reparametrizations of a coordinate evolution 
parameter. The Hilbert action-interval variational principle provides 
the lapse function equation as the energy constraint. A solution of 
this constraint with respect to the time- like variable momentum gives 
energy in space of events and the relation of this time-like variable 
with geometric interval. The primary and secondary quantization 
of the energy constraint give Quantum Field Theory (QFT) where 
the vacuum as the state with minimal energy in space of events is 
postulated with definite traffic rules of the motion of a particle in its 
space of events. The complete set of these results can be described by 
the geometro-dynamic action principle formulated by David Hilbert 
in his Foundations of Physics [J in the Einstein General Relativity 
(GR). 
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Recall that the Hilbert geometro-dynamics includes a geometric 
interval as an additional reference quantity, and general coordinate 
transformations are considered as diffeomorphisms of coordinates and 
variables [4, 5j similar to reparametrizations of a coordinate evolution 
parameter in SR [6l[7l[8]. 

Actually, Hilbert's "Foundations of Physics" for General Relativ- 
ity and Quantum Field Theory give hopes for an opportunity to con- 
struct a realistic quantum theory for GR. These hopes are based, on 
the one hand, on the existence of the Hilbert-type geometric formu- 
lation [4] of SR with the energy constraint considered as the simplest 
model of GR and, on the other hand, on the contemporary QFT based 
on the primary and secondary quantization of this energy constraint 

El [91 [in]. 

One can reconstruct a direct pathway from geometry of a rela- 
tivistic particle in SR to the causal operator quantization of fields of 
these particles and their quantum creation from a vacuum in order 
to formulate a similar direct way from geometry of GR to the 
causal operator quantization of universes and to their quantum cre- 
ation from a vacuum treated as a state with the minimal energy of 
events. This formulation includes 

1. the Wheeler-DeWitt definition of the field space of events 
where diffeomorphisms are split from transformations of the 
frames of references using the Fock simplex of reference |12| : 

2. the choice of the Dirac specific reference frame |13j : 

3. resolving the energy constraint in the class of functions of the 
gauge transformations established by Zel'manov |T4j; 

4. a treatment of the cosmological scale factor as a zeroth mode 
field variable [HIT]; 

5. the constraint-shell values of the action and geometric interval 
[15] in terms of diffeo-invariant variables; 

6. and the notions of energy, time, particle and universe, number 
of particles and number of universes defined by the low-energy 
expansion of this reduced action following the correspondence 
principle with nonrelativistic theory in SR [HISj. 

Thus, further theoretical developments of GR and QFT are con- 
vergent, in spite of the accepted opinion that quantum formulation of 
GR can not exist. At the present time, there is a set of theoretical and 
observational arguments in favor of the opposite opinion: GR [H [5] 
has a consistent interpretation only in the form of quantum theory of 
the type of the microscopic theory of superfiuidity [TBI [13 [H] with 
the Bogoliubov transformations used for construction of integrals of 
motion and stable physical states including a vacuum [QlfTO]. 
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In any case, the Hamiltonian pathway of SR towards QFT can be 
repeated for GR, because the dimension of the diffeomorphism group 
of Dirac-Arnowitt-Deser-Misner Hamiltonian approach to GR coin- 
cides with the dimension of constraints removing a part of canonical 
momenta in accordance with the second Nother theorem [OjfTO]. 

Thus, the Hamiltonian approach to both the GR and SM can be 
the basis of their unification. 

This Hamiltonian unification of GR and SM is just the topic of the 
present paper. We show that the final GR&SM theory is a conformal 
relativistic brane in I? = 4 space-time (internal coordinates) moving 
in field space of events forming by dilaton and scalar, spinor, and 
vector fields of SM. The zeroth mode sector of the GR&SM theory 
forms a cosmological model with free initial data at the beginning 
of the Universe. There are initial data that describe the vacuum 
creation of SM particles in agreement with Supernovae (SN) data, 
CMB physics, and the present day energy budget of the Universe. 

We show that the Hamiltonian presentation of the GR&SM brane 
differs from the acceptable approach to a relativistic brane [l9l[20l[2T| . 
The first difference is that the zeroth modes (zeroth Fourier harmon- 
ics) are completely separated from the nonzero ones and their interfer- 
ence term disappears in the energy constraint, so that the constraint 
algebra differs from the Virasoro one (in the string theory the Hamil- 
tonian method corresponds to the Rohrlich gauge \22\ I23j). In the 
opposite case of the Virasoro algebra, we have the double counting 
of the zeroth mode destructing the Hamiltonian presentation of the 
GR&SM brane. The second difference are the diffeo-invariant observ- 
ables including the conformal time, in contrast to the naive diffeo- 
variant formulation of GR |24[ I25j. where the coordinate time as the 
object of reparametrizations is confused with the reparametrization- 
invariant conformal time treated as an observable quantity in cosmol- 
ogy. The third difference is the Weyl principle of relativity of units 
[26] . In accord with this principle we can measure only a ratio of a 
measurable interval and units of measurement of the interval. 

Thus, the Hamiltonian formulation of the GR&SM theory keeps 
all concepts that were worked out in modern relativistic and quantum 
physics, including the first and second Nother theorems [22], space 
of events, energy, time of events, time-interval, vacuum postulate, 
Wigner representation of the Poincare group, Hamiltonian reduction. 

All these relativity principles mean that the cosmological scale 
factor can be a "degree of freedom" with free initial data fitted by 
observations [3 HOl dH [281 [29] . Recall that, in the Infiationary Model 
[24] , the initial data of the cosmological scale factor is identified with 
the Planck scale. 

The topic of the present paper is the Hamiltonian GR&SM unifi- 
cation, where the Universe is identified with classical and quantum so- 
lutions of equations of motion with "free diffeo-invariant initial data" 
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in the CMB reference frame. 

Section 1 is devoted to the Hamiltonian approach to SM. Section 
2 is devoted to the Hamiltonian approach to GR. In Section 3, we 
consider the problem of unification of GR and SM compatible with 
the Newton law in GR and spontaneous symmetry breaking in SM. 
The identification of GR and SM with a brane is considered in Section 
4. Section 5 is devoted to observational tests of unified theory. 
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1 Hamiltonian approach to gauge theories 



The Hamiltonian approach to gauge theories was considered as the 
mainstream of the development of gauge theories beginning with the 
pioneer papers by Paul Dirac |30j, Werner Heisenberg, Wolfgang 
Pauli [HI], and finishing by Julian Schwinger's quantization of the 
non-Abelian theory [32] (see in detail O [Ml Ell [36]). They pos- 
tulated the higher priority of the quantum principles, in particular, 
in accordance with the uncertainty principle, one counted that we 
cannot quantize "field variables" whose velocities are absent in the 
Lagrangian. Therefore, vector field time components with negative 
contributions to energy are eliminated, as it was accepted in the Dirac 
approach to QED ^0]. This illumination leads to static interactions 
and instantaneous bound states. 

Remember that the Dirac Hamiltonian approach generalized to 
the non-Abelian theory [32l |36] and the massive vector fields |35] 
provide the fundamental operator quantization and correct relativis- 
tic transformations of states of quantized fields. This Hamiltonian 
approach is considered [34] as the foundation of all heuristic methods 
of quantization of gauge theories, including the Faddeev-Popov (FP) 
method [37] used now for description of the Standard Model of ele- 
mentary particles [38]. Moreover, Schwinger ... rejected all Lorentz 
gauge formulations as unsuited to the role of providing the fundamen- 
tal operator quantization (see [32] p. 324). However, a contemporary 
reader could not find the Hamiltonian presentation of the Standard 
Model (SM) because there is an opinion [34] that this presentation 
is completely equivalent to the accepted version of SM based on the 
FP method [38]. 

1.1 Quantum Electrodynamics 

1.1.1 Action and reference frame 

Let us recall the Dirac approach ^SOJ to QED. The theory is given by 
the well known action 

S = J d^xl^-^F^^F^" + 4,[ip-m]ij + A^j''y (1.1) 

where Ff_i^ — df_iAi, — di,Af_, is tension, is a vector potential, -0 
is the Dirac electron-positron bispinor field, and — eip^f^ip is the 
charge current, ^ = d^^^. This action is invariant with respect to 
the collection of gauge transformations 

Al^A^+d^^X, = (1.2) 

The action principle used for the action l|l.ip gives the Euler-Lagrange 
equations of motion - known as the Maxwell equations 

^,F^'''+f = Q, (1.3) 
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Physical solutions of the Maxwell equations are obtained in a fixed 
inertial reference frame distinguished by a unit timelike vector n^. 
This vector splits the gauge field into the timelike Aq = A^Uf^ 
and spacelike A-^ ~ A^ ~ n^(Afj_n^) components. Now we rewrite 
the Maxwell equations in terms of components 

/^Ao-dodkAk = jo, (1.4) 
DAk - dkidoAo - d,A,] = -jk. (1.5) 

The field component Aq cannot be a degree of freedom because its 
canonical conjugate momentum vanishes. The Gauss constraints 
l|1.4p have the solution 

Ao + doA = -— d''y- -, (1.6 

At: J |x - y| 

where 

is a longitudinal component. The result (|1.6p is treated as the Coulomb 
potential field leading to the static interaction. 



1.1.2 Elimination of time component 

Dirac [3^ proposed to eliminate the time component by substituting 
the manifest resolution of the Gauss constraints given by (|1.6p into 
the initial action (|l.ip . This substitution - known as the reduction 
procedure - allows us to eliminate nonphysical pure gauge degrees of 
freedom [72]. After this step the action (|l.ip takes the form 

J d'x ^^^i^^Alf + iJ[^p-m]iJ-Jo^oA-AlJk + ^J„^JoY{^.8) 

where 

Al^(s.,^^y,. (1.9) 

This substitution leaves the longitudinal component A given by Eq. 
I|1.7p without any kinetic term. 

There are two possibilities. The first one is to treat A as the 
Lagrange factor that leads to the conservation law (|1.3p . In this 
approach, the longitudinal component is treated as an independent 
variable. This treatment violates gauge invariance because this com- 
ponent is gauge-variant and it cannot be measurable. Moreover, the 
time derivative of the longitudinal component in Eq. I|1.6p looks like 
a physical source of the Coulomb potential. By these reasons we will 
not consider this approach in this paper. 
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In the second possibility, a measurable potential stress is identified 
with the gauge-invariant quantity (|1.6p 

^Ao- ^A, , (1.10) 

This approach is consistent with the principle of gauge invariance 
that identifies observables with gauge-invariant quantities. Therefore, 
according to the gauge- invariance, the longitudinal component should 
be eliminated from the set of degrees of freedom of QED too. 



1.1.3 Elimination of longitudinal component 

This ehmination is fulfilled by the choice of the "radiation variables" 
as gauge invariant functional of the initial fields, i.e. "dressed fields" 

m 

A«=A^ + a^A, 1^1^ = e'^^^, (1.11) 

In this case, the linear term dkAk disappears in the Gauss law (|1.4p 

AA^ = j« EE e^%V'''. (1-12) 

The source of the gauge-invariant potential field A^ can be only an 
electric current j^, whereas the spatial components of the vector field 
A^ coincide with the transversal one 

dkA^ = dkAj EE 0. (1.13) 

In this manner the frame-fixing A^ = {Aq, Ak) is compatible with un- 
derstanding of Aq as a classical field and the use of the Dirac dressed 
fields (|l.lip of the Gauss constraints l|1.4p leads to understanding of 
the variables i|l.lip as gauge-invariant functional of the initial fields. 



1.1.4 Static interaction 

Substitution of the manifest resolution of the Gauss constraints (|1.4p 
into the initial action l|l.ip calculated on constraints leads to that 
the initial action can be expressed in terms of the gauge-invariant 
radiation variables (frTTj) \30l I33j 

J d'x S^^id.Aff + - m]^^ - Afjf + Ij^^J^] (1.14) 

The Hamiltonian, which corresponds to this action, has the form 
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where 11^, are the canonical conjugate momentum fields of the the- 
ory calculated in a standard way. Hence the vacuum can be defined as 
a state with minimal energy obtained as the value of the Hamiltonian 
for the equations of motion. Relativistic covariant transformations of 
the gauge-invariant fields are proved on the level of the fundamental 
operator quantization in the form of the Poincare algebra generators 
|32j . The status of the theorem of equivalence between the Dirac 
radiation variables and the Lorentz gauge formulation is considered 
in [361135]. 

1.1.5 Comparison of radiation variables with the Lorentz 

gauge ones 

The static interaction and the corresponding bound states are lost 
in any frame free formulation including the Lorentz gauge one. The 
action (|1.8p transforms into 

S^J d'x + - m]V^ + A^/A^j , (1.16) 

where 

A]:=A^+d,A'^, V'^^e-^".^, A^ = -ld'^A]: (1.17) 

are the manifest gauge-invariant functional satisfying the equations 
of motion 

OA]: = -jI, (1-18) 
with the current jj^ = —e^/j^j^ilj^ and the gauge constraints 

df.A^" = 0. (1.19) 

Really, instead of the potential (satisfying the Gauss constraints AAq = 
j^) and two transverse variables in QED in terms of the radiation 
variables l|l.lip we have here three independent dynamic variables, 
one of which satisfies the equation 

□^0 = -Jo, (1-20) 

and gives a negative contribution to the energy. 

We can see that there are two distinctions of the "Lorentz gauge 
formulation" from the radiation variables. The first is the loss of 
Coulomb poles {i.e. static interactions). The second is the treatment 
of the time component as an independent variable with the nega- 
tive contribution to the energy; therefore, in this case, the vacuum as 
the state with the minimal energy is absent. In other words, one can 
say that the static interaction is the consequence of the vacuum pos- 
tulate too. The inequivalence between the radiation variables and the 



11 



Lorentz ones does not mean violation of the gauge invariance, because 
both the variables can be defined as the gauge-invariant functionals 
of the initial gauge fields (jl.lip and l|1.17p . 

In order to demonstrate the inequivalence between the radiation 
variables and the Lorentz ones, let us consider the electron-positron 



scattering amplitude T 



One can see that the 



Feynman rules in the radiation gauge give the amplitude in terms of 
the current ji, 



(1.21) 









qiqk\ jijk 

J q'^ + is 




{qojaf - (q-j)^ 


q'^ + ie 


[q^ + ie] 



This amplitude coincides with the Lorentz gauge one 

1 



q^ 



3 



(gojo -q-j) 



le 



(1.22) 



when the box terms in Eq. I|1.2ip can be ehminated. Thus, the 
Faddeev equivalence theorem [34] is valid if the currents are conserved 



9ojo - q • j = = 0, 



(1.23) 



However, for the action with the external sources the currents are 
not conserved. Instead of the classical conservation laws we have the 
Ward-Takahashi identities for Green functions, where the currents 
are not conserved 

Wo-q-j^O. (1.24) 

In particular, the Lorentz gauge perturbation theory (where the prop- 
agator has only the fight cone singularity q^q^^ = 0) can not describe 
instantaneous Coulomb atoms; this perturbation theory contains only 
the Wick-Cutkosky bound states whose spectrum is not observed in 
the Nature. 

Thus, we can give a response to the question: What are new 
physical results that follow from the Hamiltonian approach to QED 
in comparison with the frame-free Lorentz gauge formulation? In the 
framework of the perturbation theory, the Hamiltonian presentation 
of QED contains the static Coulomb interaction l|1.2ip forming in- 
stantaneous bound states observed in the Nature, whereas all frame 
free formulations lose this static interaction together with instanta- 
neous bound states in the lowest order of perturbation theory on 
retarded interactions cafied the radiation correction. Nobody has 
proved that the sum of these retarded radiation corrections with the 
light-cone singularity propagators (|1.22p can restore the Coulomb in- 
teraction that was removed from propagators l|1.2ip by hand on the 
level of the action. 
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1.2 Vector bosons theory 

1.2.1 Lagrangian and reference frame 

The classical Lagrangian of massive QED is 



1 



1 



In a fixed reference frame this Lagrangian takes the form 

2 ^ 
+ 'il^{ip-m)ilj + Vojo-Vkjk, 



(1.25) 



(1.26) 



where V = doV and is the transverse component defined by the 
action of the projection operator given in Eq. I|1.9p . In contrast 
to QED this action is not invariant with respect to gauge transfor- 
mations. Nevertheless, from the Hamiltonian viewpoint the massive 
theory has the same problem as QED. The time component of the 
massive boson has a vanishing canonical momentum. 



1.2.2 Elimination of time component 

In [35] one supposed to ehminate the time component from the set 
of degrees of freedom like the Dirac approach to QED, i.e., using 
the action principle. In the massive case it produces the equation of 
motion 

{A - M^)Vo ^ d,V, + Jo. (1.27) 
which is understood as constraints and has the solution 



Vo 



1 



A - M- 



1 



A-M2 



Jo- 



(1.28) 



In order to eliminate the time component, let us insert l|1.28p into 
the Lagrangian ifOel) [30t [35] 



C 



iV,'r + V,'{A-M-^)V,'+jo 



1 



A-M2 



Jo 



ip{i ^-m)'ilj-V^jk 



1 
2 

Jo 



-Vl^Jk+ (1.29) 



1 



A-M2 



where we decomposed the vector field Vk — + Vk means of the 
projection operator by analogy with (|1.9p . The last two terms are the 
contributions of the longitudinal component only. This Lagrangian 
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contains the longitudinal component which is the dynamical variable 
described by the bilinear term. Now we propose the following trans- 
formation: 



1 



A-Af 

R 



(1.30) 



4,^(1 ^-to)^^-F,"iIj,, 



where 



Rll 



1 



exp 



A - AP 
1 



-le 



A - M2 



= -M^ 



1 



A-M2 



V,, 



(1.31) 
(1.32) 



are the radiation-type variables. It removes the Hnear term diVi in 
the Gauss law l|1.27p . If the mass M ^ 0, one can pass from the 

I R I 

initial variables V^l to the radiation ones Vj, by the change 

M2- A 



Now the Lagrangian (|1.29p goes into 



C 



1 
2 
1 

^ 2 



M2 



1 



A-M2-^° 

V^HV^'HV^H^'M')ZV^^-V,^j,-V^'^^j,. (1.34) 



(1.33) 



The Hamiltonian corresponding to this Lagrangian can be constructed 
in the standard canonical way. Using the rules of the Legendre trans- 
formation and canonical conjugate momenta HyT, n,.R||, II^h we 

obtain 



n = 



1 



n + 14T ( Af 2 - A ) y T + ^ „ _L_ 



1 1 z- 1 n^Ki I + I ' ( Af 2 - A ) Zl/^ 



(1.35) 
(1.36) 



One can be convinced [35j that the corresponding quantum system 
has a vacuum as a state with minimal energy and correct relativistic 
transformation properties. 



1.2.3 Quantization 

We start the quantization procedure from the canonical quantization 
by using the following equal time canonical commutation relations 
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(ETCCRs): 



^R|| 



The Fock space of the theory is built by the ETCCRs 



(A') 



= 53(k-k')^(A)(A'); 

{6-(±fc),6+ (±fc')} = <5^(k-k')^aa'; 
{c-(±fc),c+ (±fc')} = S^k-k')S„^,. 

with the vacuum state |0) defined by the relations 
alx)\0)=b-M=c-\0)=0. 



(1.37) 
(1.38) 

(1.39) 

(1.40) 
(1.41) 

(1.42) 



The field operators have the Fourier decompositions in the plane wave 
basis 



(x)=|[dk],ef 



a+ ) (w, k) e-^'+'^^+a^^^ (w, -k) e 

(x) = V2^s J [dk]s [b+ (fc) u^e-'^*+'''^ + c- i-k) j.^e*"*-*''^] 
V+ {x) = V2^s J [rfk], [b- ik) u+e^'^*-*^ + c+ (-fc) u+e-"''+'''^] 



with the integral measure frfkl^ = = 5-777 — , : and the fre- 

quency of oscillations a;„_s(k) = k^ + Jn^^^. One can define the 

vacuum expectation values of the instantaneous products of the field 

operators 

V,{t,x)Vj{t,y) ^■.V,{t,x)Vj{t,y):+{V^{t,x)Vj{t,y)), (1.43) 
i^„{t,x)ilJi3{t,y) =:^„{t,x)^0{t,y):+{ip„{t,x)ilJi3{t,y), (1.44) 



where 

{Vi{t,x)Vjit,y)): 

{ip„{t,x)ipf3{t,y)) 



1 



.(A),(A)^-ik(x-y) 

(27r)3y 2u;„(k)^^* ^ 



^^,.;^,.,^_,K^X-y;^ (1.45) 



(27r)3y 2a;,(k) 
are the Pauli - Jordan functions. 



(k7 + m)„^e-*(--'') (1.46) 



15 



1.2.4 Propagators and condensates 

The vector field in the Lagrangian l|1.34p is given by the formula 



y, = FT + z-Vii. (1.47) 



Hence, the propagator of the massive vector field in radiative variables 



IS 



Df,{x-y)^{0\TV,^ix)Vf{ym 

f d^q e^^'la:-?/) / q.q. 

" ' (2^)4 g2 _ M2 + - q2 + M2 ' ' ^^"^^^ 



Together with the instantaneous interaction described by the current- 
current term in the Lagrangian (|1.34p this propagator leads to the 
amplitude 

= D^Aq)ff= (1-49) 

Jo , fg___QtQ3_\^^idj_ 



of the current-current interaction which differs from the acceptable 
one 

= j^DlMj" = -r , M2i- f- (1-50) 

The amplitude given by Eq. I|1.49p is the generalization of the radi- 
ation amplitude in QED. As it was shown in [SSj, the Lorentz trans- 
formations of classical radiation variables coincide with the quantum 
ones and they both (quantum and classical) correspond to the tran- 
sition to another Lorentz frame of reference distinguished by another 
time-axis, where the relativistic covariant propagator takes the form 

n« f I w -gA"^ nf,n„{qnf-[qf,-nf,{qn)][q^-n^{qn)] 

q2_M2 + ie^ (g2-M2 + ie)(M2 + |g^-n^(gn)|2) ^ ' 

where is determined by the external states. Remember that the 
conventional local field massive vector propagator takes the form 

q^ — Ai'^ + le 

In contrast to this conventional massive vector propagator the radiation- 
type propagator (|1.5ip is regular in the limit M ^ and is well be- 
haved for large momenta, whereas the propagator l|1.52p is singular. 
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The radiation amplitude (|1.49p can be rewritten in the alternative 
form 



1 



g2 - A/2 



11 



(1.53) 



for comparison with the conventional amplitude defined by the prop- 
agator l|1.52p . One can find that for a massive vector field coupled 
to a conserved current (g^j'^ = 0) the collective current-current in- 
teractions mediated by the radiation propagator l|1.5ip and by the 
conventional propagator l|1.52p coincide 

I'^D^f ^I'-D^J'^ = T^ . (1.54) 

If the current is not conserved jo go 7^ jkQk, the collective radiation 
field variables with the propagator (|1.5ip are inequivalent to the ini- 
tial local variables with the propagator l|1.52p . and the amplitude 
l|1.49p . The amplitude l|1.54p in the Feynman gauge is 

= — ^- (1.55) 

and corresponds to the Lagrangian 

In this theory the time component has a negative contribution to the 
energy. According to this a correctly defined vacuum state could not 
exist. Nevertheless, the vacuum expectation value (V^(a:)V^(a;)) coin- 
cides with the values for two propagators (|1.5ip and (|1.52p because in 
both these propagators the longitudinal part does not give a contribu- 
tion if one treats them as derivatives of constant Hke (9yp(x)V^^(x)) — 
9(V^(a;)V^(x)) = 0. In this case, we have 

i,V^{x)V^{,x)) = [ J^^2LliM^), (1.57) 



Cf = ^{d^V.f - j,V^ + -M^V^ (1.56) 



(27r)3y c^,(k) 



rris 



{lp^{x)^aix)) = ^J^^ J ^^-^ = ^^^^si^s), (1-58) 

where m^, are masses of the spinor and vector fields, and L^ ,, 
are values of the integrals. 



1.3 Electroweak Standard Model 

1.3.1 The SM action 

The Standard Model constructed on the Yang-Mills theory [39] with 
the symmetry group SU(2) xU{l) is known as the Glashow-Weinberg- 
Salam theory of electroweak interactions [40] . The action of the Stan- 
dard Model in the electroweak sector with presence of the Higgs field 
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can be written in the form 

SsM = J d^xjCsM = j rf^a; [And + -Cniggs] , (1.59) 



where 



And = -4G«,Gr-^F^.F''^ (1.60) 

S 8 

is the Higgs field independent part of the Lagrangian and 
^Higgs = d^<t>d>^<t^-<t>Y,fs-ss+^Y.9ly^ - A [</.2 - C^]' (1.61) 

S V 

^Higgs 

is the Higgs field dependent part. Here 

"^fsSS = E fs[SsRSsL+SsLSsR], (1-62) 



S=Sl ,S2 



i E ^'v^' = ^Vr.+W^-'' + (1.63) 

v=Wi,W2,Z 

are the mass-hke terms of fermions and W-,Z-bosons coupled with the 
Higgs field, G"^ = d^^Al - d^A^ + gSabcA^f^Al is the field strength of 
non-Abelian SU{2) fields and F^^^ = d^B^ — d^B^ is the field strength 
of Abelian U{1) (electromagnetic interaction) ones, 
ig^A'j^ ± ^g'B^ are the covariant derivatives, Lg = (sf 53 ) are the 
fermion doublets, g and g' are the Weinberg coupling constants, and 
measurable gauge bosons , , are defined by the relations: 

= Al±Al = Wl±Wl (1.64) 
= -Bi,sin9w + Al^cosOw, (1-65) 

tsxnew = ^, (1.66) 

where 9w is the Weinberg angle. 

The crucial meaning has a distribution of the Higgs field (p on the 
zeroth Fourier harmonic 



(fx(t) (1.67) 



and the nonzeroth ones h, which we will call the Higgs boson 

h 

72 



(0) + j d^xh = 0. (1.68) 



18 



In the acceptable way, {(j)) satisfies the particle vacuum classical equa- 
tion {h = 0) 

(^^HiggsCi^)) _ ,/ ,\r/i,\2 n2 



that has two solutions 



^4{4>)[(^y~C']^0 (1.69) 



(0)i=O, (^)2 = C^0. (1.70) 

The second solution corresponds to the spontaneous vacuum symme- 
try breaking that determines the masses of all elementary particles 

Mw = ^5 (1.71) 



Mz - ^VTT?^ (1.72) 

m, = (0)y,, (1.73) 

according to the definitions of the masses of vector (v) and fermion 
(s) particles 

2 



■^mass terms — ^ ^t^^ TTlsSS. (1.74) 



1.3.2 Hamiltonian approach to SM 

The accepted SM l|1.59p is bihnear with respect to the time compo- 
nents of the vector fields Vj^ — {Aq, Zq, Wq ,Wq) in the "comoving 
frame" n^f = (1,0,0,0) 



1 



Sv= d 



j4„ 



(1.75) 



where L^q is the matrix of differential operators. Therefore, the 
Dirac approach to SM can be realized. This means that the problems 
of the reduction and diagonaHzation of the set of the Gauss laws are 
solvable, and the Poincare algebra of gauge-invariant observables can 
be proved [35] ■ In any case, SM in the lowest order of perturbation 
theory is reduced to the sum of the Abelian massive vector fields, 
where Dirac's radiation variables were considered in Section 3. 



1.3.3 The conformal vacuum Higgs effect 

The Hamiltonian approach to the Standard Model considered in [H] 
leads to fundamental operator quantization that allows a possibil- 
ity of dynamic spontaneous symmetry breaking based on the Higgs 
potential l|1.6ip , where instead of a dimensional parameter C we sub- 
stitute the zeroth Fourier harmonic l|1.67p 

^Higgs = d^^d^cj, -^Y.fs'' + ^T.9'y' - A [0' - (0)']' .(1.76) 

VHiggs 
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After the separation of the zeroth mode l|1.68p the biUnear part of 
the Higgs Lagrangian takes the form 



In the lowest order in the coupling constant, the bilinear Lagrangian 
of the sum of all fields 5^^^ — J2f "^f ^ K*^)] arises with the masses of 
vector (fT?7l|) . lfT772)) . fermion (s) ifTTS)) and Higgs (h) particles: 



= 2VX{<j>). (1.78) 



The sum of all vacuum- vacuum transition amplitude diagrams of 
the theory is known as the effective Coleman - Weinberg potential 



ylf/ = -zTrlog < 0|0 >«^))= -zTrlognG^^"[('/')]G^"N(l-79) 



where Gp^" are the Green-function operators with Ap ~ 1/2 for 
bosons and Ap ~ —1 for fermions. In this case, the unit vacuum- 



vacuum transition amplitude < 0|0 > 



— 1 means that 

{4>)='h 



V^7/(0i) = 0, (1.80) 



where <l)\ is a solution of the variation equation 



a\ ID) 

(0>=0l 



dm + (1-81) 



here < >, < ss >, < /i^ > are the condensates determined by the 
Green functions in |41j 

>^ {V^,{x)V^,{x)) = -2LI{Mr^), (1.82) 

< ss >= {i>^{x)ipa{x)) = -miisLl{mRs)] (1.83) 

< >= {h{x)h{x)) = ^LlimRh); (1.84) 

here Lp^rrip) are values of the integral 

1 f d^k 
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Finally, using the definitions of the condensates and masses (|1.7ip , 
l|1.72p . (|1.73p . l|1.78p we obtain the equation of motion 

S V 

In the class of constant solutions c?o((/') = this equation has two 
solutions 

(0>i=O, (0)2 = C^O. (1.87) 

The nonzero solution means that there is the Gell-Mann-Oakes- 
Renner type relation 

Llml^2 J2 Llml-i[2M^L'^ + MjLl]. (1.88) 

S — SI ,S2 

If we suppose that the condensates ip(n^Rp) are defined by the 
subtraction procedure associated with the renormaHzation of masses 
and wave functions leading to the finite value 



where A is a subtraction constant. 

In this case, the sum rule (|1.88p takes the form 

LRhimRi,)ml^2 ^ L|j^(m|j^)m^ - 

/ = /l,/2 

~i[2M^Ll^{Ml^) + MlL%z{Mlz)]- (1-90) 

We substitute the experimental data by the values of masses of 
bosons Mw = 80.403±0.029 GeV, Mz = 91.1876±0.00021 GeV [43], 
and t-quark mt = 170.9 ± 1.8 GeV 04]. In the minimal SM [38], the 
three color t-quark dominates ~ imf because contributions 

of other fermions X^/^^^t 'm'j/2mt ^ 0.17 GeV are very small. 

In Fig. 15.11 the solution of the above equation is plotted for the 
range 0.3 GeV < A < 100 GeV. One can see that the Higgs mass is 
the order of 215-^255 GeV and is not very sensitive to the choice of the 
parameter, because the dependence is logarithmic. The measurement 
of the mass at an experiment would provide us the proper value of A 
according to Fig. 15.11 

Radiative corrections to this quantity in the Standard Model are 
not small, first of all due to a large coupling constant of Higgs with 
top quark. Note that relation (|1.90p in our model should be valid in 
all orders of the perturbation theory. 



2(27r) 



log 



'"-Rp 

eA2 ■ 



(1.89) 
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20 40 60 80 100 

A,6eV 

Figure 1: Value of the Higgs mass from Eq. (|1.90p with the conden- 
sates defined by Eq. I|1.89p as a function of A. 

The choice of the parameters in the inertial Higgs potential in our 
model can be motivated by the cosmological reasons. Even so that 
the resulting Lagrangian of the model is practically the same as the on 
of SM, we get a prediction for value of the the Higgs boson mass to be 
in the range 215-^255 GeV. In this range of to;, the width of the Higgs 
particle is between 5 and 10 GeV. Here the main decay modes are 
W ZZ and H WW (since Mz < vrih < 2mt), which are quite 
convenient for experimental studies 07]. The so-called "gold-plated" 
channel H ^ 4^ should allow a rather accurate measurement of rrih 
with at least 0.1% relative error [45]. So it is important to provide 
adequately precise theoretical predictions for this quantity. As con- 
cerns the production mechanism, the sub-process with gluon-gluon 
fusion dominates |46] for the given range of ruh and the correspond- 
ing cross section of about 10** fb provides a good possiblity to dicover 
the Higgs boson at the high-luminosity LHC machine. 

In this way the potential free Higgs mechanism gives the possibil- 
ity to solve the question about a consistence of the nonzero vacuum 
value of the scalar field with the zero vacuum cosmological energy 
as a consequence of the unit vacuum-vacuum transition amplitude. 
The inertial motion of a scalar field corresponds to the dominance of 
the most singular rigid state at the epoch of the intensive vacuum 
creation of the primordial bosons [TS] . 
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Figure 2: Axial (a) and vector (b) current contribution into if + 
transition 



1.3.4 The static interaction mechanism of the enhancement 
of the AT —1/2 transitions 

Let us consider the + — > 7r+ transition amplitude 



where = D'^^{x — y)in the first order of the EW perturbation 
theory in the Fermi coupling constant 



sin 9c cos 9c e _ ■ n n ^ 



F 



Gew = ^T72 =sin9ccos9c—7=, (1.91) 

oM-^ sm 9w v2 

comparing two different W-boson field propagators, the accepted 
Lorentz (L) propagator l|1.52p and the radiation (R) propagator l|1.5ip . 
These propagators give the expressions corresponding to the diagrams 
in Fig. El 

l:^(h^^ - 2F^P 2: K'^^^ + + 



E^(A:2) = 2F^k^ + 2i J 



(27r)4 (fc + gf)2 -ml + ie 

The versions R and L coincide in the case of the axial contribution 
corresponding to the first diagram in Fig. [2l and they both reduce 
to the static interaction contribution because 

k^k'^D^.ik) ^ k^k'^D'^M = (1.92) 

However, in the case of the vector contribution corresponding to 
the second diagram in Fig. [2] the radiation version differs from the 
Lorentz gauge version l|1.52p . 

In contrast to the Lorentz gauge version l|1.52p . two radiation 
variable diagrams in Fig. [2] in the rest kaon frame k^ = (fco, 0,0,0) 
are reduced to the static interaction contribution 



z(2^)4(54(fc~p)GEwE^(fc2) = <^7r^ 



X 



Jiix) 
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with the normal ordering of the pion fields which are at their mass- 
shell, so that 



Ml 



Here K(0 



+ P is the energy of 7r-meson and gs is the pa- 



rameter of the enhancement of the probability of the axial — > 7r+ 
transition. The pion mass-shell justifies the application of the low- 
energy ChPT |48[ |49] , where the summation of the chiral series can 
be considered here as the meson form factors [50l ISTl [52l 



dH 



dHf^^i^mfYi-iir) 



(1.93) 



2E^il) J 2E^{1) 
Using the covariant perturbation theory [53j developed as the series 
4(7 © = 4(0 + Kd^l'' + I'hkim + Oil') (1.94) 



with respect to quantum fields 7 added to ^ as the product e^^e 



one can see that the normal ordering 



< 0|7*(a;)7* {y)\Q >= (5" N{z), N{z) 



, (1.95) 



where z = x — y, in the product of the currents 4(7 ® leads to 
an effective Lagrangian with the rule AT =1/2 



Ml / d'^zgsiz)- 



-Mw\z\ 

47r|z| 



li{x)J_' {z + x){J^ji + i/y-a) 



x(/»'i'4 - ih'fbW + h.c 



where 



gsi\z\) = l + J2c'N'iz 



(1.96) 



(1.97) 



i>i 



is a series over the multipaticle intermediate states known as the 
Volkov superpropagator [49l [54]. In the hmit Mw ^ 00, in the 
lowest order with respect to Mw, the dependence of gsd-?!) and the 
currents on z disappears in the integral of the type of 



Ml / d^z 



9s{\z\} 



,-Mw\z\ 



47r z 



drre-'-g^{r/Mw)^9M- (1-98) 
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In the next order, the amplitudes K^{K'^) 
get the effective Lagrangians [55] 



arise. Finally, we 



'^(AT=i) 



Gp 

71 



gs{0) cos 6c sin 9c 



(4 + ^4) (4-^4) 



4 + ul-^J-D 



(1.99) 



C 



(AT=|) 



Gp 

71 



cos t^c sm 



4 + ;^4) (4 - *4) 



This result shows that the enhancement can be explained by static 
vector interaction that increases the K'^ tt"'" transition by a fac- 
tor of gs = 58(0), and yields a new term describing the 7r° 
transition proportional to — 1- 

This Lagrangian with the fit parameter — 5 describes the 
nonleptonic decays in satisfactory agreement with experimental data 
|49 [ [55 t [56]. Thus, for normal ordering of the weak static interaction 
in the Hamiltonian SM can explain the rule AT —1/2 and universal 
factor gs- 

On the other hand, contact character of weak static interaction 
in the Hamiltonian SM excludes all retarded diagram contributions 
in the effective Chiral Perturbation Theory considered in [57] that 
destruct the form factor structure of the kaon radiative decay rates 
with the amplitude 



<-(K+->Tr + l+l-) 



gstiq'^)2F^smec cos 9c 



Gp {kf_, +p^) 
V2 



where — {k — p)^ , and 



Ml 



and fl 0, f^{q^) = 1 + Af-V + ..., /i(g') ^ f^{q^) = 1 + M-V + 
. . . are form factors determined by the masses of the nearest reso- 
nances for meson - gamma - meson vertex. 

Therefore, the static interaction mechanism of the enhancement 
of the AT =1/2 transitions predicts [56] that the meson form factor 
resonance parameters explain the experimental values of rates of the 
radiation kaon decays 7r+e+e~(/x+/z~). Actually, substituting 

the PDG data on the resonance masses Mp = 775.8 MeV, 1+(1^^) = 
I'~'{J^'~^) and meson - gamma - W-boson one Ma — 984.7 MeV, 
1~(0++) — I'~^{J^^) into the decay amplitudes one can obtain the 
decay branching fractions [56] 



Bt{K+ 
Bt{K+ 



) = 2.93 xlQ-^ 
7r+/i+^") = 0.73 X 10"^ 



[2.88 ±0.13 X lO-^poG 



[0.81 ± 0.14 X 10"']PDG 
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in satisfactory agreement with experimental data |58[ I43j. Thus, the 
off-mass-shell kaon-pion transition in the radiation weak kaon decays 
can be a good probe of the weak static interaction revealed by the 
radiation propagator l|1.5ip of the Hamiltonian presentation of SM. 

1.4 Summary 

Physical consequences of the Hamiltonian approach to the Standard 
Model are the weak static interactions, like the Coulomb static inter- 
action is a consequence of the Hamiltonian approach in QED. The 
static interactions can be omitted if we restrict ourselves to the scat- 
tering processes of elementary particles where static interactions are 
not important. However, the static poles play a crucial role in the 
mass-shell phenomena of the bound state type, spontaneous symme- 
try breaking, kaon - pion transition in the weak decays, etc. Static 
interactions follow from the spectrality principle that means existence 
of a vacuum defined as a state with the minimal energy. We dis- 
cussed physical effects testifying to the static interactions omitted by 
the accepted version of SM. 

One of these effects is revealed by the loop meson diagrams in the 
low-energy weak static interaction. These diagrams lead to the en- 
hancement coefficient gs in weak kaon decays and the rule AT — i. 
The loop pion diagrams in the Chiral Perturbation Theory [49j in the 
framework of the Hamiltonian approach with the weak static inter- 
action lead to a definite relation of the vector form factor with the 
differential radiation kaon decay rates in agreement with the present 
day PDG data [56], in contrast to the acceptable renormaHzation 
group analysis based on the Lorentz gauge formulation omitting weak 
static interaction |57j, where loop pion diagrams destroy the above- 
mentioned relation of the vector form factor with the differential ra- 
diation kaon decay rates. Therefore, the radiation kaon decays can 
be a good probe of the weak static interaction. 

We considered the consequence of the spontaneous symmetry break- 
ing in the Standard Model, where the parameter of the Higgs poten- 
tial is replaced by the initial data of the zeroth Fourier harmonic. 
In this case, the Hamiltonian approach and its operator fundamen- 
tal formulation immediately lead to the effective quantum potential 
predicting the mass of Higgs particle. 
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2 Hamiltonian General Relativity 



The statement of the problem given at the beginning is to unify SM 
and GR on equal footing using as a basis the Hamiltonian approach to 
both these theories, in order to describe the Universe in its comoving 
frame. The Hamiltonian approach to GR is well known. It is the 
Dirac - ADM constrained method [13] formulated for infinite space- 
time in a definite frame of reference, where the observable time is 
distinguished and the observable space is foliated. This Hamiltonian 
comoving frame of the Universe can be identified with the frame of 
the Cosmic Microwave Background (CMB) as the evidence of the 
Early Universe creation. 

The present-day measurement of the dipole component of CMB 
radiation temperature To{9) = To[l + (/3/c) cos 0], where /3 = 390±30 
km/s, [l] testifies to a motion of an Earth observer to the Leo with 
the velocity |i7|= 390± 30 km/s with respect to CMB, where 30 km/s 
rejects the copernican annual motion of the Earth around the Sun, 
and 390 km /s to the Leo is treated as the parameter of the Lorentz 
transformation from the the Earth frame to the CMB frame. 

This relativistic treatment of the observational data in the context 
of the Hamiltonian approach produces the definite questions to the 
GR and the modern cosmological models destined for description of 
the processes of origin of the Universe and its evolution: 

1. How the CMB inertial frame can be separated from the general 
coordinate transformations? 

2. How the cosmic evolution can be separated from the dynamics 
of the local scalar component in the CMB reference frame? 

3. What is the version of the canonical approach to the General 
Relativity and the Standard Model in the finite space-time, 
because the observable Universe in the finite space and has a 
finite life-time? 

In this Section, we discuss possible responses to these issues that 
follow from the principles of General Relativity and Quantum Field 
Theory. 

2.1 Canonical General Relativity 

2.1.1 The Fock separation of the frame transformations 
from difFeomorphisms 

Recall that the Einstein-Hilbert theory is given by two fundamental 
quantities; they are a geometric interval 

ds^ = gf.^dx'^dx'' (2.1) 
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and the dynamic Hilbert action 

Sgr = / d'^x^ 



(2.2) 



3 3 

where ipQ = -^Afpianck ~ , G is the Newton constant in units 
on ottG 

{n = c = i). 

Quantities (|2.ip and (|2.2p are invariant with respect to action 
diffeomorphisms 

x^^5^=i^(a;°,x\x2,a;3), (2.3) 

Separation of the diffeomorphisms from the Lorentz transformations 
in GR is fulfilled by linear invariant forms uj(^a){x'^) W(a)(^'') = 

iO(^c.){xn [12] 

ds^ = W(c<)tJ(Q) = Li;(o)W(o) - a;(i)LJ(i) - cj(2)W(2) - a;(3)Cj(3), (2.4) 

where are diffeo- invariants. These forms are treated as compo- 
nents of an orthogonal reference simplex with the following Lorentz 
transformations: 

^{a) — > ^(q) = ^(q) = -^(a)(/3)t^(/3)- (2-5) 



There is an essential difference between diffeomorphisms (|2.3p and 
the Lorentz transformations l|2.5p . Namely, the parameters of the 
Lorentz transformations (|2.5p are measurable quantities, while the 
parameters of diffeomorphisms (|2.3p are unmeasurable one. Espe- 
cially, the simplex components uj(^a) in the Earth frame moving with 
respect to Cosmic Microwave Background (CMB) radiation with the 
velocity \v\= 390 km/s to the Leo are connected with the simplex 
components in the CMB frame ZJ by the following formulae: 

where the velocities v are measured [ij by the the modulus of the 
dipole component of CMB temperature Tq{9) = To[l + {l3/c)cos9] 
and its direction in spac^. 

^ Frame transformations invariance of action means that there are integrals of 
motion (1st Noether theorem \27\). while diffeoinvariance of action leads to the 
Gauss type constraints between the integrals of motion (2nd Noether theorem 
[27] V These constraints are derived in a specific reference frame to the initial data. 
The constraints mean that only a part of metric components becomes degrees of 
freedom with the initial data. Another part corresponds to the diffeo-invariant 
static potentials that does not have initial data because their equations contain 
the Beltrami-Laplace operator. The third part of metric components after the 
resolution of constraints becomes diffeo-invariant non-dynamical variables that 
can be excluded by the gauge-constraints [TJ like the longitudinal fields in QED 

Eol. 
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2.1.2 The Dirac ADM approach to GR 

The problem of specific frame destined for description of evolution of 
the Universe in GR was formulated by Dirac and Arnovitt, Deser and 
Misner [13] as 3+1 foliated space-time (see also [Hj). This foHation 
can be rewritten in terms of the Fock simplex components as follows: 



LU(^b)=i'^e(^b)^{dx' +N'dx'^), (2.7) 



where triads e(^a)i form the spatial metrics with det |e| — 1, is the 
Dirac lapse function, N'' is the shift vector, and tp is a determinant 
of the spatial metric. 

The Hilbert action (|2.2p in terms of the Dirac - ADM variables 
ll2?7l) is as follows: 



Sgr 



d^x. 



(4) 



R{9) 



d'^x{]C[Lpa\g\ - V[ip^)\g\ + S[ipo\g\), 



where 



(2., 



^(afc) 



(2.9) 



S[(po\e] 



^^((3)i?(e)^ + 8A^), 



2^1 [dov^ - di{N'v^)] - ^dj[i;^d'{^''Nd)] (2.11) 



(2.10) 



are the kinetic and potential terms, respectively, 

1 



V(ab) 



1 



ido-N'di)log^P--oi 
6 



2 
1 



(6) ^ Hbyi^(a) 



(2.12) 
(2.13) 
(2.14) 



are velocities of the metric components, Ai/) — di{e'j^^^e-'^^.^djilj) is the 

covariant Beltrami-Laplace operator, (•^)i?(e) is a three-dimensional 
curvature expressed in terms of triads 6(^1 -jj: 

(3)i?(e) = -2d, [e(b)Cr(c)|(6)(c)]-Cr(e)|(b)(c)Cr(a)l(f,)(a)+Cr(^)|(d)(/)CT(^)|(d)(c)- 

Here 

(2.15) 



V)l(&)(c) 



1 
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are the coefficients of the spin-connection (see |29)). 

Vie(„)j = 9,e(a)j- - r^^-e(a)fc, T^^ = \^{b)^d.,e^b)j + dje(^h)i) (2.16) 

are covariant derivatives. The canonical conjugated momenta are 

dlC[ipa\e] 



P4> = 



9(50 In V) 
dK.[ipQ\e] _ 

3 



The Hamiltonian action takes the form 1281 [29 



PpdoF - Hd 

F— e,log -tpjQ 



(2.17) 
(2.18) 

(2.19) 



where 



Hd = NdTd + Af(6)T(",) + Xop^ + X^a)dkel) (2.20) 

is the sum of constraints with the Lagrangian multipUers Nd, iV(b) — 
^k{b}N'', Ao , A(q), including the additional (second class) Dirac gauge 
conditions - the local transverse dte^^-^ ~ and the minimal 3- 
dimensional hyper-surface too 



= ^ (9o - N'di) log - \diN\ 



and three first class constraints 



S S 1 



(2.21) 



(2.22) 



are the components of the total energy-momentum tensor T^^^ = 

~j^^k(a) (we included here the matter field contribution T(^)m con- 
sidered in Appendix C using as an example a massive electrodynam- 
ics), and the first class energy constraint 



Jd[(^o|V'] = - 



SS _ 



V'^A?/' + ij'Ti = 0, (2.23) 



here Aip = d(^b)d{b)'^ is the Beltrami-Laplace operator, d(^a] — sfa)^^' 
and Tj is partial energy density 



^ ^P(ab)P(ab) 16 2 
ll=0 - 5 -nP^ 

'Po 



6 



(2.24) 
(2.25) 
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here p(^ab) = ^(e(£,)P(6)i + e'-^b)P{a)i) marked by the index /. 

The Newton law is determined by the energy constraints Td = 
l|2.23p and the equation of motion of the spatial determinant takes 
the form 

T^l^Pom = -i'^ = {do~N'di)p^+ (2.26) 

It is not embarrassing to check that in the region of empty space, 
where two dynamic variables are absent 6(^1 -j^; — S(^a)k (i-e. Tj — 0), 
one can get the Schwarzschild-type solution of these equations in the 
form 

r r 
where Tg is the constant of the integration given by the boundary 
conditions that take into account massive fields and sources. 



2.1.3 The Lichnerowicz variables and cosmological models 

In the general case of massive electrodynamics considered in detail in 
Appendix C, the dependence of the energy momentum tensor l|2.23p 
on the spatial determinant potential tp is completely determined by 
the Lichnerowicz (L) transformation to the conformal-invariant vari- 
ables 

^ip) = ^'^S: (2.27) 
5m- = i'*9lu\ (2.28) 
pin) ^ iP'^"f12), (2.29) 

where i^*^"-* is any field with the one of conformal weights (n): rigcaiar — 
-1, ?^spinol• = -3/2, nvcctor = 0, and rttcnsor = 2. In the case, the in- 
dex / in the energy momentum tensor l|2.23p ^V^^ runs a set of 

values 1=0 (stiff), 4 (radiation), 6 (mass), 8 (curvature) / = 12 (A- 
term) in correspondence with a type of matter field contributions. 

This i/;-independence of L- variables is compatible with the cosmo- 
logical dependence of the energy density on the scale factor a in the 
homogeneous approximation 

V'' 0^ a(?7), (2.30) 
ds^ = a'^{r))[{dr)f ^ (dx'^f] (2.31) 

where the energy constraint l|2.23p takes the form 

= 5:a-2+^/2(rz); (2.32) 
I 
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here 

(T) = yJd'^T (2.33) 

is averaging over the finite volume of the coordinate space Vq = J cfix. 

The Newton law (|2.27p is compatible with the cosmological ap- 
proximation (|2.30p if the spacial determinant variable takes the form 
of a product of two factors 

= 0(77)^^^. (2.34) 

This means that the logarithm of the spacial determinant can be 
given as the sum of the zeroth Fourier harmonic and nonzero ones 

\ogi}^{x°,x^)^\oga{x°) + \ogij^{x°,x^), (2.35) 

with the additional constraints 

J(fx\og^= y d^x [log (log ?/>)] = 0, (2.36) 

where Vq = J (fix < 00 is the finite Lichnerowicz volume. 

This presentation of the spacial determinant variable l|2.34p is well 
known as the Lifshits cosmological perturbation theory [Ml |60] . 

The question arises about the consistence of this cosmological per- 
turbation theory [SO^^Oj defined in the finite space-time of observable 
coordinate space and conformal time with the Dirac - ADM Hamil- 
tonian [T^ approach proposed for infinite space-time. 

How the Hubble evolution can be included into the canonical GR? 
and How the Dirac - ADM Hamiltonian formalism can be general- 
ized for finite space-time in order to give the Hamiltonian version of 
cosmological perturbation theory? The responses to these questions 
were given in |28[ [TS] using the exact solution of the energy constraint 
in accord with the group of the diffeomorphisms of the Dirac - ADM 
foliation and second Nother theorem. 

2.1.4 Global energy constraint and dimension of diffeomor- 
phisms (3L +1G^ 4L) 

The Dirac - ADM approach to the Einstein-Hilbert theory [30] states 
that five components ip, N^, N'^ are treated as potentials satisfying the 
Laplace type equations in curved space without the initial data, three 
components are excluded by the gauge constraints dte^^ = 0, and 
only two rest transverse gravitons are considered as independent de- 
grees of freedom satisfying the d'Alambert type equations with the 
initial data. This Dirac - ADM classification is not compatible with 
the group of general coordinate transformations that conserves a fam- 
ily of constant coordinate time hypersurfaces x^ — const. The group 
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of these transformations, known as kinemetric subgroup [14], con- 
tains only homogeneous reparameterizations of the coordinate evo- 
lution parameter (a;°) and three local transformations of the spatial 
coordinates: 













x^{x°,x^) 



(2.37) 



This means that dimension of the kinemetric subgroup of diffeomor- 
phisms (three local functions and one global one) does not coincide 
with the dimension of the constraints in the canonical approach to 
the classical theory of gravitation wich remove four local variables 
(the law 3L + 1G ^ 4L). In accord with the second Nother theorem, 
the dimension of the diffeomorphism group 3L + IG determines the 
dimension of manifold of canonical momenta that can be removed 
by the first class constraints. This means that the energy constraint 
can remove the zeroth mode (i.e. cosmological scale factor) and the 
zeroth mode momentum from the phase space. However, it does not 
mean that both the scale factor and its momentum are removed from 
the set of physical quantities. They become the evolution parameter 
in the field space of events and the event-energy. 

Recall that according to the definition of all measurable quantities 
as diffeo-invariants [30], in finite space-time the non diffeo- invariant 
quantity l|2.37p (x^) is not measurable. Wheeler and DeWitt [TT\ 
drew attention to that in this case evolution of a universe in GR is 
in full analogy with a relativistic particle given by the action 



in the Minkowski space of events [X^jX*^] and the interval ds — epdr, 
because both the actions (|2.38p in SR and Ijl.GSp in GR are invari- 
ant with respect to reparametrizations of the coordinate evolution 
parameters t ^ t — t{t) and — > J° = a;°(x"), respectively, see 
Table ETS 

In any relativistic theory given by an action and a geometrical 
interval [4] there are two diffeo-invariant time-like parameters: the 
diffeo-invariant geometrical proper time interval (g-time) Cpdr — ds 
and the one of dynamical variables X° in the space of events [X'^\X''] 
(d-time). Thus, in accord with the cosmological perturbation theory 
[59] , there is a possibility to identify the dynamic evolution parameter 
a in the field space of events with the zeroth Fourier harmonic of the 
metric scalar component logarithm if the Hamiltonian formalism in 
finite volume is consistent with the cosmological perturbation theory. 




(2.38) 
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Let us consider the Hamiltonian formalism in finite volume and find 
a condition of this consistence. 



2.1.5 The separation of the zeroth mode in finite space 

Reparametrizations of the coordinate evolution parameter (x") mean 
that in finite space-time the quantity (x^) is not observable, and 
one should distinguish a diffeo- invariant homogeneous "time-like vari- 
able". Modern observational data in astrophysics and cosmology 
[24j [60] are the irrefutable arguments in favor of identification of 
such a diffeo-invariant homogeneous "evolution parameter" with the 
cosmological scale factor a{xo) introduced by the scale transformation 
of the metrics = a^(a;")g^^ and any field F*^") with the conformal 
weight (n): 

= a"(a;o)f^("). (2.39) 

In particular, the curvature 



V^Rig) = a' V-gRig) ~ 6ac)o [doa^-g g^^\ (2.40) 

can be expressed in terms of the new lapse function Nd and spatial 
determinant ip in the Fock simplex l|2.7p 



Nd = [^g''T^^a^Nd, v^ = (y^)-V. (2.41) 

In order to keep the number of variables, we identify log ^/a with the 
spatial volume "averaging" of log -0 

log^^= (logV') = Tr f d^xlogip. (2.42) 

Vo J 

After the separation of the zeroth mode the action i|2.8p takes the 
form 112.71) as follows: 



SoRl^Pom = SGRlipH] + ^i„t + ^0, (2.43) 

where 

SoRim = I d^xmg] - V[^\g] + S[ip\g]) (2.44) 
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is the action S'gr['/'o|V'] with the change ['PolV'] ~^ Ivl''!'] 



1 



ido-N'di)logi^~ldiN' 

D 



IC[ip\e] = 



6 



((3)i?(e)V' + 8A?A 



(2.45) 
(2.46) 

(2.47) 

(2.48) 



2 



are the kinetic and potential terms, respectively, 



Si, 



dx°dQ(p{x°) / (fixvj 



> (2.50) 
is the interference between the zeroth mode and nonzero ones, 



So = — dx 



X- 



Nn 



is the zeroth mode action, and 



1 



1 



No Vo 
is the global lapse function. 



— = — / d-'x^, 



(2.51) 



(2.52) 



2.1.6 The superfluidity condition 

Thus, after the separation of the zeroth mode in the action l|2.8p its 
part describing the spatial metric determinant takes the form 



d'^xNd 



where 



4(^^ (v^) + A(p v^p Vji, + {v^y 



if = ipoa{x°) 
= doip/Nd, 



(2.53) 



(2.54) 
(2.55) 



the first term in the Lagrangian arises from the kinetic part Eq. 
I|2.47p . the second goes from the "quasi-surface" one (|2.49p . and the 
third term goes from the zeroth mode action l|2.5ip . The canoni- 
cal momentum of the scale factor can be obtained by variation of 
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Lagrangian l|2.53p with respect to the time derivative of scale factor 

while the zeroth Fourier harmonics of canonical momentum of the 
spatial metric determinant is 



J3„ dCsD 



<rx = - / (Pxv^ = (2.56) 

a(aoiog^) 7 ^'^ ^ ^ 

where Vip = J (Px v^p,V[p — J (Px v^. These two equations have no 
solutions as the matrix of the transition from "velocities" to momenta 
has the zeroth determinant. This means that the "velocities" [V^p, K/i] 
could not be expressed in terms of the canonical momenta [Ptp,P^] 
and the Dirac Hamiltonian approach becomes a failure. To be con- 
sistent with identity (|2.36p and to keep the number of variables of 
GR, we should impose the strong constraint 

V^ = J (fxv^ = 0, (2.57) 

otherwise we shall have the double counting of the zeroth-Fourier 
harmonics of spatial metric determinant. 

A "double counting" is replacement of Li — (i)^/2 by L2 — {x + 
y)^/2. The second theory is not mathematically equivalent to the 
first. The test of this nonequi valence is the failure of the Hamiltonian 
approach to L2 = {x + yY /2. Therefore, the replacement Li L2 is 
nonsense in the context of the Hamiltonian approach. 

The interference term plays role of friction. If we accept the Lan- 
dau condition for superfluidity 

d^a;^ = 0, (2.58) 

then the interference term vanishes. The Landau condition (|2.58p is 
consistent with the Hamiltonian system, because in the opposite case 
we have the double counting of the zeroth mode component which de- 
stroys the Hamiltonian structure of the theory and leads to problems 
in expressing the velocity by canonical conjugate momentum. 

The next example is Lifshitz's perturbation theory given by Eq. 
(3.21) p. 217 in [60] 

ds^ = a^{rf}[{l + 2<^)dTf - (1 - 2*)7ydxVxJ]. 

This formula contains the double counting of the zeroth Fourier har- 
monics of the spatial metrics determinant presented by two variables: 
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the scale factor a and < >— J d^x'^{r],Xi) instead of one. Thus, 
the accepted cosmological perturbation theory is not consistent with 
the Hamiltonian approach to GR considered above. 





UNIVERSE 


PARTICLE 


1. 


S[^n\F\ l|2.59|) 


1(2:381) 


2. 


d( = dx'^Bu 


ds = drcp 


3. 


x^^x^ = x^ix^) 


T ^ T = t{t) 


4. 


ip{x^*) = (fioaix^') 


Mr) 


5. 


V 1 F 




6. 




Po -E -^^Q 


7. 


c,^, = ±j;y^ ((Td)-v2)>o 


s±=±f [Xo"-XO] >0 


8. 


P^^±2jd^x{TAf'^ 




9. 




[P§ - E^]^KG = 


10. 


A+ + A- 
72^ 


a+ + 

*KG = , 

y/2E^ 


11. 


A+ = aB++P*B- 


a+ = a5+ + ^*6- 


12. 


B~\0 


6-|0 


13. 


< 0\A+A-\0 >^ 


< 0\a+a-\0 >^ 



Table 1: The 3L + IG diffeomorphisms &; universe-particle 
correspondence |15(I28|. This universe-particle correspondence rejects 
Hilbert's Foundations of relativistic physics of 1915 [4J that based on the 
action principle (N-1) with a geometric interval (N-2) and the group of 
diffeomorphisms (N-3), in contrast to the classical physics based only on 
an action and the group of the data transformations. The group of dif- 
feomorphisms (N-3) leads to the energy constraint (N-6). Resolution of 
the energy constraint gives the Hubble type relation (N-7) between the 
time-variable (N-4) in space of events (N-5) and the time-interval (N-2) 
and determines the energy of events (N-8) that can take positive and neg- 
ative values. With the aim to remove the negative value, one can use the 
experience of QFT, i.e., the primary quantization (N-9) and the secondary 
one (N-10). This quantization procedure leads immediately to creation 
from stable Bogoliubov vacuum state (N-12) of both quasiuniverses and 
quasiparticles (N-13) obtained by the Bogoliubov transformation (N-11) 



2.1.7 The Hamiltonian formalism in finite space-time 

The cosmological perturbation theory is consistent with the Dirac - 
ADM Hamiltonian approach to GR considered above, if the zeroth 
time-like variable in the field space of events (|2.35p is extracted on 
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the level of action ^A3^ . l(23T1) . (|232l) [T^[28) 



^[<^o|F] = S[^\F] - / ) = / (2.59) 



where S'[(^|i^] is the action l|2.2p in terms of metrics g, where ipa is 
replaced by the running scale ip{x°) = ipoa{x'^) of all masses of the 
matter fields. The action (|2.59p leads to the energy constraints 



= -Ta = 



Nl 



dm 



> 



(2.60) 



The kinemetric subgroup (|2.37p essentially simplifies the solution 
of the energy constraint l|2.6Qp if the homogeneous variable is ex- 
tracted from the spacial determinant. 

Therefore, one should point out in the finite volume the homo- 
geneous variable ip{x^) as the evolution parameter (time- variable) 
in the field space of events [ip\F] and diffeo- invariant time- interval 
Nfjdx'^ = (g-time), where 7Vo[^d] as functional of A^d can be de- 
fined as the spacial averaging (|2.52p 



1 _ 1 f d^x _ 
No[Nd] ^^^^^ 



(2.61) 



According to the Wheeler - DeWitt [TT] there is the universe - 
particle correspondence given in the Table 12.1.61 [151 128] . 

This QFT experience illustrates the possibility to solve the prob- 
lems of the quantum origin of all matter fields in the Early Universe, 
its evolution, and the present-day energy budget |15[ 19} [63], In order 
to use this possibility, one should impose a set of requirements on 
the cosmic motion in the field space of events that follow from the 
general principles of QFT. 

The QFT experience supposes that the action l|2.59p can be rep- 
resented in the canonical Hamiltonian form like l|1.68p 



dx" 



d^x 



^ P^doF + C~ NdTd 



(2.62) 



In this case, the energy constraint l|2.6Qp takes the form of the Fried- 
mann equation 



dip 



dc 



,1/2 



(2.63) 
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and the algebraic equation for the diffeo-invariant lapse function 

N - {{N^)-^)Nd - ((Td)^/') (fd)-i/2_ (2.64) 

We see that the energy constraint l|2.60p removes only one global 
momentum in accord to the dimension of the kinemetric diffeo- 
morphisms l|2.37p that is consistent with the second Nother theorem. 

One can find the evolution of all field variables F{(p,x^) with re- 
spect to (fi by variation of the "reduced" action 




(2.65) 



obtained as the constraint-shell (|2.63p values of the Hamiltonian form 
of the initial action l|2.62p [6j . 

The energy constraints l|2.60p and the Hamiltonian reduction l|2.65p 
lead to the definite canonical rules of the Universe evolution in the 
field space of events [y^li^]. 

Rule 1: Causality Principle in the WDW space — ^ = fol- 

lows from the Hamiltonian reduction ^2. 65]) that gives us the so- 
lution of the Cauchy problem and means that initial data ipi, ip'j 
do not depend on the Planck value (po,ip[^. 

Rule 2: Positive Energy Postulate follows from the energy con- 
straint (12:6011 1^2^ = Td = -^Pr -f ... > 

Td > ^ = --J^[a^.(^'AA^) - (^')'] = 0, (2.66) 

where {M^ = (N^^) ^ 0). 

Rule 3: Vacuum Postulate B^\0 >— restricts the Universe 
motion in the field space of events 

> for (pi < Lpo (2.67) 
Pip < for > ipo. 

Rule 4: Lapse Function A/" > follows from the nonzero energy 
density ^ 0. 

The Rule 1 is not compatible with the Planck epoch [24] 

(po-ai^^o- — ^Vi = — =no (2.68) 
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in the beginning of the Universe as - — 0. 

The Rule 2 l|2.66p means that the local scalar component ■0^ = 
V'^/a has zero momentum and satisfies the equation with Laplacian 
(instead of the D'alambertian) in accord with the Dirac classifica- 
tion of the radiation-Hke variables in GR [13]. In other words, the 
local scalar component cannot be the local dynamic variable as it 
is proposed for the description of the CMB power spectrum in the 
acceptable ACDM model [25]. 

The Rule 3 leads to the arrow of the geometric time-interval. 

The Rule 4 forbids any zero values of the local lapse function 
l|2.64p , so that penetration into a internal region of black hole is not 
possible because this penetration is accompanied the change of a sign 
of the local lapse function (|2.64p that proposes zero values of the local 
lapse function. 

Let us check the correspondence of the canonical GR with both 
the QFT in the fiat space-time and the classical Newton theory. 

2.2 Correspondence principle and QFT limits 

The correspondence principle [6] as the low-energy expansion of the 
"reduced action" l|2.65p over the field density Tg 



2d{py Td — 2dlp^ypoi/p)+Ts = dip 



(2.69) 



gives the following sum: 

•S''-^-' I constraint = '^'cosmic + 'Afield + ■ • ■ ) (2.70) 

where 

S^LMIv^o] = -2Vo [ dp^Mv) (2.71) 



Vl 



is the reduced cosmological action l|2.65p . and 



no 



J2 PpdnF - Ts 



L F 



(2.72) 



is the standard field action in terms of the conformal time: dr] = 
, in the conformal fiat space-time with running masses m(r\) = 

VPo(</?) 
0(77)7710. 

This expansion shows that the Hamiltonian approach to the Gen- 
eral Theory of Relativity in terms of the Lichnerowicz scale-invariant 
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variables l|2.73p identifies the "conformal quantities" with the observ- 
able ones including the conformal time dij, instead of dt = a{ri)dr/, the 
coordinate distance r, instead of the Friedmann one R = a{ri)r, and 
the conformal temperature — Ta{r]), instead of the standard one 
T. Therefore, the scale-invariant variables distinguish the conformal 
cosmology (CC) [64], instead of the standard cosmology (SC) [24j. 



2.3 Canonical Cosmological Perturbation Theory 

In diffeo-invariant formulation of GR in the specific reference frame 
the scalar potential perturbations can be defined as J\f~^ = 1-1-1/ and 
ip = — l-|-7i+---, where Jl^V are given in the class of functions 
distinguished by the projection operator F = F — (F) ((F) = 0). 

The exphcit dependence of the metric simplex and the energy ten- 
sor Td on can be given in terms of the scale-invariant Lichnerowicz 
variables |66] introduced in Appendix C (|C.2p and 

u;[l;^ = ^/mC, uj\'^^ ^e(i,)k[dx^ +M''dCl (2.73) 

Td = v^^Av^+^v^^a4-2r,, r, = (r,> +77, (2.74) 

where A?/; = —^d{b)d{b)'4' is the Laplace operator and 7} is partial 
energy density marked by the index / running a set of values I — Q 
(stiff), 4 (radiation), 6 (mass), and 8 (curvature) in correspondence 
with a type of matter field contributions considered in Appendix C 
1(2:241) - (IC.23P (except of the A-term, / = 12). The negative con- 
tribution — (16/(y5^)p0^ of the spatial determinant momentum in the 
energy density 7/=o can be removed by the Dirac constraint [13] of 
the zeroth velocity of the spatial volume element (|2.66p 

P^=~S^' ~ , i=0. (2.75) 

The diffeo-invariant part of the lapse function TVint is determined 
by the local part (|2.64p of the energy constraint (|2.60p that can be 
written as 

rd=AA-V(o), AA-i = (2.76) 



where p(o) ~ (^yT^J . In the class of functions F = F — (F), the 
classical equation SS /S log ip — takes the form 



dip 



dAiP 



0. 
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Using the property of the deviation projection operator SS/Sfj, = D = 
D — (£)), where Jl = logtp, we got the following equation 

7A/'^^AV^+^A[A/'i/^^]+A/'^/V^^a^-2T/ = (2.77) 



where = ^77VV'^Ai/;+i/;A[7VV'^] + X;/V'^a^-2T/ ). Using l(2J6| 
we can write for ip a nonlinear equation 



(Td) 



-1/2 



7?/'^AV'+^/V^a5-27'j 



+ V^A[(rd)-i/2^Vp(i)P(of 



In the infinite volume Hmit p(„) =0, a = 1 Eqs. I|2.76p and l|2.77p 
coincide with the equations of the diffeo-variant formulation of GR 
Td = and l|2.26p considered in Section 2.3. 

For the small deviations Nr^ = 1 + f and — = 1+71+... 
the first orders of Eqs. (|2.76p and (|2.77p take the form 

(-A-p(i))7I + 2p(o)77 = 7(0), (2.78) 

(14A + p(2))7I - (A + p(i))77 =-7(1), (2.79) 

where 

P(„) = (7^„))^^ra*-2(r,) (2.80) 

^(n)=E^"«*"'^^- (2-81) 

The set of Eqs. I|2.94p and (|2.94p gives v and 7I in the form of a 
sum 

where 



P = y^l + [(7^2))-14(r(i))]/(98(7^o))), (2.82) 
r(±) = (7^(0) - Td)) ± 7/37(0) (2.83) 

are the local currents, Di^^-^{x,y) are the Green functions satisfying 
the equations 

[±m^±) - A]Z?(±)(a;, y) = (^^(x - y), (2.84) 
where m^^^ = 14(/3 ± l)(7^o)) + (^i))- 
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zeroth pressure and the density T(i) — 



In the case of point mass distribution in a finite volume Vq with the 

^^'^ -j:Mj\sHx-yj)-^ 

J I ^0 
solutions i|2.82p . (|2.82p take a very important form 

= E [7ie-™(+)(^)'-'^ + (1 - 71) cosm(_)(z)r,7] , (2.85) 



z/(a;) 
where 



[(1 - 72)e-'"(+)(^)'-'^ + 72 cos TO(_)(z)rj] , (2.6 



71 



1 + 7/3 

14/3 ' 



72 



(l-/3)(7/3-l) 



3Mj 



rj 



16/3 
"^(±) 



4<^2 



The minimal surface (|2:66| ^.[V A/"*] - (i/^ )' = gives the shift of 
the coordinate origin in the process of evolution 



drV 



nC,r) 



dFfV^(C,r)- (2-87) 



In the infinite volume limit (?(„)) = these solutions take the stan- 
dard Newtonian form: JI = D ■ T^o), v = D ■ [147^o) - "^i)], A/"* = 
(where Kd{x) = -5'^{x)). 



2.4 Generalization of the Schwarzschild solution 

One can see that another choice of variables for scalar potentials 
rearranges the perturbation series and leads to another result. In 
order to demonstrate th|s fact, let us change the lapse function as 
J\ftp'^ = 1 — j7f and keep ^=1 + W- In order to simplify equations of 
the scalar potentials A/", -0, one can introduce new table of symbols: 



(2.88) 
(2.89) 



P(0) 



(2.90) 



In terms of these symbols the action l|2.43p can be presented as a 
generating functional of equations of the local scalar potentials TVs, V' 
and field variables F in terms of diffeo-invariant time C: 



■0V(o) 



(2.91) 
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The variations of this action with respect to Ns,ip lead to equa- 
tions 



^PANs + N.^pd^T + 7 



■0^(0) 



V'V(o) 



p{i), 



(2.92) 



(2.93) 



respectively, we have used here the constraint (|2.75p and the property 
of the deviation projection operator SS/SJl = D = D — {D), according 
to which p(i) = i^AN, + N.ipd^T + 74>^p^o)/Ns). 

One can see that in the infinite volume Hmit p(„) = (7/) = Eqs. 
I|2.92p and (|2.93p reduce to the equations of the conventional GR with 



the Schwarzschild solutions i/j = 1 - 



in empty space, 



4r ' _ ^ 4r 

where Eqs. ^2^92^ and 1(2:931) become Atp = 0, AN^ = 0. 

For the small deviations TVs = 1 — i^i and i/' = 1 + Mi the first 
orders of Eqs. ([TMl) and ijTgSl) take the form 



[7 • 14p(o) 
where 



[-A + 14p(o) - P(i)]mi + 2p(o)i^i = T(^o) 
14p(i) + P(2)]mi + [-A + 14p(o) - = 7r(o) - T(i), 



(2.94) 



This choice of variables determines /ii and i^i in the form of a sum 



■0 = 1 



A/'V/ - 1 - - 



7p(M) 



i?(+)(x,y)r[J)(y) 



where P are given by Eqs. I|2.82p 

(±) = "^(0) T 7/3[7T(o) - 

[7r(o)-r(i)]±(i4/3)-ir(o) 



Di-)ix.,y)T[''_}^{y) 



^ (±) 



(2.95) 
(2.96) 



are the local currents, D(^j-){x,y) are the Green functions satisfying 
the equations (|2.84p where m^^^ = 14(/3 ± l)(^o)) T (^i))- In the 

finite volume limit these solutions for coincide with solutions 

l|2.82p and (|2.82p . where Ff = 77 - 77Z and /TT = /I. 

In the case of point mass distribution in a finite volume Vq with 
the zeroth pressure and the density 



^(0)(a;) 



M 



6-'{x~y) 



1 



(2.97) 
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solutions l|2.95p . (|2.95p take a form 

^ =1 + ^ [7ie"™(+)^^)'' + (l-7i)cosTO(_)(z)r] , (2.98) 
A/'V^^ 1 - J [(l-72)e-"H+)(^)^'^ + 72C0sm(_)(z)r] , (2.99) 



where 71 = — - — , 72 = ' '^9 = 73"^' r = |a; - ?;|. Both 



1 + 7/3 _ 14/3-1 _ 3M 

l8^' ''^ ~ 4^ 
choices of variables l|2.85p . (|2.86p and l|2.98p . (|2.99p have spatial os- 
cillations and the nonzero shift of the coordinate origin of the type 

of {Mil). 

In the infinite volume limit (7(„)) =0, a — I solutions l|2.98p 
and (|2.99p coincide with the isotropic version of the Schwarzschild 

solutions: ip = 1 + MnvV'^ = 1 - A^'" = 0. It is of interest to 

4r 4r 

find an exact solution of Eq. (|2.78p for different equations of state. 

2.5 Investigation of CMB fluctuations 

2.5.1 CMB fluctuation problem 

The investigation of CMB fiuctuations is one of the highlights of 
present-day cosmology with far-reaching implications and more pre- 
cise observations are planned for the near future. Therefore, the 
detailed investigation of any possible flaw of the standard theory de- 
serves attention and public discussion. 

"CMBR anisotropy" in the inflationary model is described in [59^ 
EQI [63 by the decomposition of the metric interval 

ds^ = g^.^dz'^dx" = (2.100) 
= a^irj) [(1 + 2<P)dr]^ - 2JVkdx''dr] - (1 - 2*)da;2 _ dx'dx^hij)] 

associated with the Lifshits cosmological perturbation theory |59j ■ 
The comparison of this interval with the exact interval l|3.58p gives 
for scalar components the relations 

= 1-|, (2.101) 

A^V^^ = 1 + $. (2.102) 

The flnal expression for the temperature fluctuations induced by 
scalar fluctuations of the metric components (known as the Sachs- 
Wolfe (SW) effect) can be written as [68] 



- + $ + 



|^ + (AAV'«-l) + nX 



rvo 

/ d?7(*' + $') = 
J^'' dr^(^ + m'y\. {2.103) 



Vi ') 
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Equation l|2.103p is integrated onc^ with respect to 77 between the 
time r]i (coinciding with the decoupling time) and the time rjo (coin- 
ciding with the present time). Equation l|2.1Q3p has three contribu- 
tion 

• the ordinary SW effect given by the first two terms at the right 
hand side of Eq. I|2.103p i.e. (5pr/(4pr) and cj); 

• the Doppler term (third term in Eq, l|2.103p ): 

• the integrated SW effect (last term in Eq, (|2.103p ). 

The ordinary SW effect is due both to the intrinsic temperature inho- 
mogeneities on the last scattering surface and to the inhomogeneities 
of the metric. On large angular scales the ordinary SW contribution 
dominates. The Doppler term arises thanks to the relative velocity 
of the emitter and of the receiver. At large angular scales its contri- 
bution is subleading but it becomes important at smaller scales, i.e. 
in multipole space, for £ 200 corresponding to the first peak. The 
induced temperature fluctuations induced by the vector modes of the 
geometry can be written as 

i^—j = [-V • + - y id,Mj+djK)n'n^dri (2.104) 

where is the rotational component of the baryonic peculiar veloc- 
ity. 



2.5.2 Canonical Cosmological Perturbations Theory versus 
Lifshitz's one 

We shell use the definition of the scalar components of the energy 
momentum tensor (|2.74p and l|2.77p . The energy momentum tensor 
components are 

fd = M^^7AV^+ (2.105) 
+ a'^^'^^'Tj = 2 (Too -Tkk), 

7=0,4,6,8,12 
4(^2^2 



jrWi/'^AV'-H M A/'V'^ 1+ (2.106) 



3 



7=0,4,6,8,12 



Let us compare the equations of the canonical perturbation theory 
l|2.90p . I|2.92p and l|2.93p with the Lifshits cosmological perturbation 



^Notice that integration by parts is necessary in order to integrate the term 
29i0n*. Recall, in fact that d^/drj = $' -|- di<f>n^. 
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theory for the scalar components (|2.10ip and l|2.102p 

AnGa^Tof) = -37i:(7i$ + + A* (2.107) 
'iTiGa^Tkk = 3[(2H' + 7i^)$ + 7i:$' + *" + 27i:'J''] + A($-'J'), 

here Ti. = a' /a in the case of the zeroth vector and tensor components 

Nk = 0, h,j = 0. 

One can see that 

1. The ACDM Model omits the decomposition of the potential 
energy 

^ a^/2-2(l_4r/2)^T/, Ti = {Ti)+Ti (2.108) 

/=0, 4, 6, 8,12 

with respect 5" that leads to the effective mass terms in the 
Hamiltonian linear equations (|2.84p (this effective mass is ab- 
sent in Eq. I|2.107p ). 

2. The ACDM Model chooses the gauge A''^ = instead of the 
Dirac minimal surface = 0, ^ consistent with the vac- 
uum postulate in the Hamiltonian approach. 

3. The action principle of GR in [60j (see the second formula in 
Eq. (10.7) p. 261) contains the double counting of the ze- 
roth Fourier-harmonics of the spatial metrics determinant pre- 
sented by two variables: a and / (Px'^{ri, Xi) ^ instead of one. 
In other words, the ACDM Model uses doubling of the zeroth 
Fourier harmonic of the scalar metric component ip = 1 — ^/2, 
/ <Px"i! ^ in the action [60], that destroys the the Hamilto- 
nian approach. Nevertheless, the Hnear equations l|2.107p in the 
ACDM Model satisfy the opposite conditions / <fix^ = and 
/ (Px<^ = 0? This means that the description of the "primordial 
power spectrum" by the inflationary model is contradictable. 

If we impose the constraints 

J (fxp^{'n,Xi) ^0, jdPx\ogi) = Q (2.109) 

in order to remove the "double counting", we shall return back to 
the Einstein theory, where the equations of ^ and $ will not contain 
the time derivatives that are responsible for the "primordial power 
spectrum" in the inflationary model. 

In the contrast to standard cosmological perturbation theory [59t 
[60] the diffeo-invariant version of the perturbation theory do not con- 
tain time derivatives that are responsible for the CMB "primordial 
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power spectrum" in the ACDM Model [24]. However, the diffeo- 
invariant version of the Dirac Hamiltonian approach to GR gives an- 
other possibiHty to explain the CMB radiation spectrum and other 
topical problems of cosmology by cosmological creation of the vector 
bosons in the Standard Model |T5] . 
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3 Unification of GR and SM 



3.1 The Unification 



The action of the SM in the electroweak sector, with presence of the 
conformally coupled Higgs field can be write in the form 



SM 



d X\J ~g 



.(4) 



^(ff) + ^Inv + -^Higg 



(3.1) 



that differs from (|1.59p by the curvature term. 

The acceptable unification of the General Relativity and the Stan 
dard Model is considered as the direct algebraical sum of GR (|2.2I 
and SM (fTSQ]) actions 



'S'gR&SM — S'gr + S'sM- 

in the Riemannian manifold. 



(3.2) 



3.2 The Newton's law in the GR&SM theory 

The General Relativity and the Standard Model reflect almost all 
physical effects and phenomena revealed by measurements and ob- 
servations, however, it does not means that the direct sum of the 
actions of GR an SM lies in agreement with all these effects and phe- 
nomena. One can see that the conformal coupHng Higgs field (/) with 
conformal weight n — —\ distorts the Newton coupHng constant in 
the Hilbert action llT2l) 



'5'GR+Higgs — y d^X\f^ 



2 



(3.3) 



due to the additional curvature term in the Higgs Lagrangian (|3.3p 
1 — (/)^/iy9§. This distortion changes the Einstein equations and their 
standard solutions of the Schwarzschild type and other |69 } iTO j Ffl]. 

The coefficient \ — (^'^l(p\ restricts region, where the Higgs field is 
given, by the condition 0^ < (/?o, because in other region > (^q 
the sign before the 4-dimensional curvature is changed in the Hilbert 
action (|2?2|) . 

In order to keep the Einstein theory l|2.2p . one needs to consider 
only the field configuration such that 0^ < </5o- Fo'^ this case one can 
introduce new variables by the Bekenstein-Wagoner transformation 
[691 



5m- = gfJcos\?Q^gfJ. (3.4) 
S(B) = (cosh Q)-3/2s (3.6) 
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considered in [TOt [71] . These variables restore the initial Einstein- 
Hilbert action (|3.3p with the standard Newton law in the following 
way 



5'GR+Scalar ^ 'Po j d''^^\/~9iB) 



6 



(3.7) 



Now it is clear that the Bekenstein-Wagoner (BW) transformation 
converts the "conformal coupling" Higgs field with the weight n = — 1 
into the "minimal coupling" scalar field Q - an angle of the scalar 
- scale mixing that looks like a scalar graviton with the conformal 
weight n = 0. 

The Planck mass became one more parameter of the Higgs La- 
grangian, so that the lowest order of the Lagrangian after the sepa- 
ration of the zeroth Fourier harmonic (Q) 



^0 



V2 



(3., 



over small (Q) <C 1 reproduces the acceptable Standard Model action 



^HWs((Q» 



'pl9{B)MQ)da{Q) - {Q)'Pa^fsS(^B)S(B} + 



3.3 The GR&SM cosmology 

3.3.1 DifFeo-invariant cosmological dynamics 

Finally, we got the unified GR&SM theory 

!^(3(B)) 



•S'gr&sm 



^Inv{F) + ^Hig 



(3.9) 



where F — gi^^^^W, Z, s and Lagrangians are given by Eqs. (|1.60p . 
ifOTI) . (UMl, (fTMll . and 

Cmsss = ^ld^Qd.Qg>^^^ - fsss + ^ ^ glV^ (3.10) 



where $ = ^{Q) = ifosinhQ. This Lagrangian is depend on a one 
dimensional parameter ipo only, that is given by Eq. (|2.ip . 

The next step is to clear up the cosmological consequences of the 
unified theory. The simplest way to made this step is the extraction 
of the cosmological scale factor a{x°) by scale transformations of all 
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field variables obtained by the WB transformation l|3.4p . (|3.5p . and 

(3.11) 
(3.12) 
(3.13) 
(3.14) 

can be expressed in terms of the new lapse func- 



3(B) 








S(B) 









In particular, the curvature ^^—g(B) R{9{b)) 
6ado 
tion 



doa\/~g 



(3.15) 

and spatial metric determinant In this case, one can repeat 

the diffeo-invariant Hamiltonian formulation of the GR presented in 
the previous Section 2 [28^ [29] , where log a is identified with a zeroth 
mode as the spatial volume "averaging" 



1 



1 



J3) I 



(3.16) 



here the finite Lichnerowicz (6^ diffeo-invariant volume Vq = J d?x 
is introducecH. In this case. 



log|5(3)|=log|5,^^) 



(B)l 



6 log a 



(3.17) 



is identified with the nonzero Fourier harmonics that satisfy the con- 
straint 

(log 15^3) 1^ =0^ (3_18) 

A scalar field can be also presented as a sum of a zeroth Fourier 
harmonics and nonzero ones 



Q = (Q) + Q; (Q) = 0. 



(3.19) 



Finally, the action l|3.9p takes the form of the sum of nonzero and 
zeroth-mode-contributions 

S'gr&sm['^o|-F, Q] = S'GR&siviivl-F', Q] +S'zm[¥'|Q]; (3.20) 

here the first action repeats action "S'cR&sivii'ySol-F, Q] (|3.9p . where 
[(/5o|-F, Q] are replaced by Q], and the second 



Nn 



2 fd{Q)y [dp 
\ dx" ) \dx° 



zeroth— mode contribution 



dx^L 



(3.21) 



■'One should emphasize that modem cosmological models [59] are considered 
in the finite space and "finite time-interval" in a reference frame identified with 
the frame of the Cosmic Background Microwave (CMB) radiation. 
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is the action of the zeroth modes tp, (Q); here 



1 1 f (fx / I \ , , 

is the homogeneous component of the lapse function. The action of 
the local variables in l|3.20p determines the correspondent densities 
for the local variables 

f ^ ^Sgr&,sm[v>q\F,Q] 

^ \ 7^5'gr&sm[vo|-F, Q] „ 
= = U, 



where i/' = vlF^ is the Dirac notation of the spatial metric deter- 
minant |13| . 

The action (|3.20p coincides with the action of the relativistic me- 
chanics, where the dimension cosmological scale factor plays the role 
of the external evolution parameter in the field "space of events" 
[(p\F,Q, (Q)], where (p is the time-like variable in this "space", and 
F, Q, (Q) are the space-like ones. 

The action principle for the S[(po\F,Q] with respect to the lapse 
function A^d gives the energy constraints equation 



1 



-rd(c,x'^) = o, 

(3.24) 



where Td is given by Eq. I|3.23p and 

C = / dx^No (3.25) 



is the "diffeo-invariant homogeneous time-interval" with its derivative 
and ^ ^ 

m,^'')^N4C,x''){N^'){0, (3.26) 

is difeo-invariant part of the local lapse function with the unit con- 
straint 

(Af-^) = ^ ( d^xAf-^ = 1 (3.27) 

following from the definition of the homogeneous component of the 
lapse function A^o given by Eq. I|3.22p . This equation is the algebraic 
one with respect to the diffeo-invariant lapse function A/" and has 
solution satisfying the constraint (j3.26p 

M = {fl'^)f^^'^. (3.28) 



52 



The substitution of this solution into the energy constraint l|3.24p 
leads to the cosmological type equation 



= Ptot(v) = Ploc(v) + Pzm(</5); (3.29) 

here the total energy density ptot (v) is split on the sum of the energy 
density of local fields (loc) and the zeroth mode (zm) one defined as 

pU^) = {{fay/'f, pU^) = ^'{QY' = (3.30) 
where 

is the scalar field zeroth mode momentum that is an integral of motion 
of the considered model because the action does not depend on (Q) . 
The constraint-shell value of the momentum of external time ip 

d{dQ(p) 



= T^nr^ = 2yo(^' = ±2Vo^ptot{^) = tE^ (3.32) 



can be considered as the Hamiltonian generator of evolution of all 
field variables with respect to (p in the "space of events" [(p\F, Q, {Q)]. 
The value of the momentum = ±E^ onto solutions of the motion 
equations can be considered as an "energy of the universe", in accord 
with the analogy with relativistic mechanics. We can see also that a 
solution of Eq. (|3.32p with respect to diffeo-invariant time-interval ( 

a = ±/^ii= (3.33) 

VAot('p) 

is the Hubble law in the exact theory, that includes the initial datum 

ipi^ipiC^o). 



3.3.2 Zeroth mode sector of GR&;SM theory as a "cosmo- 
logical model" 

Let us consider solutions of Eqs. (p^Qj) . l(330| . (|332|) . and l(333| 
in the case of the zeroth mode sector in the action p.24p . i.e. for 
pioc — 0. The zeroth mode sector [</3|(Q)] in the action (|3.24p 

^zm = Vof 

zeroth— mode contribution 



(3.34) 
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is most important at the beginning of the Universe, when all particle 
like excitations are absent. One can say that at the beginning there 
were only the "beginning data" ipi,ip'j, {Q)i, {Q)'j,- 



a 
V 



dx°NQ{x°). 



{dx'dx% (3.35) 
(3.36) 

(3.37) 



The conformal vacuum Higgs effect considered in Section 1, in the 
cosmological approximation, is described by the action 



5v 



^ (my _j_ 

No \ dx° J No 



dip 
d^ 



Nov: 



eff 



(3.38) 



where y^jf Coleman- Weinberg effective potential and is given 

by the formula (|1.79p . These action and interval keep the symmetry 
with respect to reparametrizations of the coordinate evolution param- 



eter x 







iP(x'^). Therefore, the cosmological model l|3.38p 
can be considered by analogy with a model of a relativistic particle 
in the Special Relativity (SR) including the Hamiltonian approach to 
this theory. The canonical conjugate momenta of the theory l|3.38p 



P^^2ip'Vo, P^Q) ^ 2ip^Q)'Vo 



df 



where f ~ The Hamiltonian action has a form 
dr] 



(3.39) 



dx" 



Pi 



d{Q) 
dx° 



P, 



dip 



4^0 



_p2 



, (3.40) 



where 



= 2Vo 



p2 

4T/„V2 



V 



conf 
eff 



1/2 



is treated as the "energy of a universe ". 

The classical energy constraint in the model l|3.40p is 



p2 _ £i2 ^ Q 

1^ ^> 



(3.41) 



(3.42) 



and repeat completely the cosmological equations in the case of the 
rigid state equation firigid — 1 because due to the unit vacuum- 
vacuum transition amplitude V"gj'j^(<p( Q/)) = 



2 /2 

ipoa = 



P2 O 

Ql _ jj2 ^ 'rigid 

'2,^2 ^ -"0 



(3.43) 
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where Pqj is a constant of the motion 

Pq, - 0, (3.44) 
because in the equation of motion 

dy^°/f(ip{Q)) 

the last term is equal zeroth = if all masses satisfy 

d{Q) 

the Gell-Mann-Oakes-Renner type relation (|1.88p . 
The solution of these equations take the form 



v^l + (Q> iv) =Qi + log ^/T+m^, (3.46) 

where 

= ^(, = 0), (3.47) 
^p{ri = 0) 2Vbv3j 

Qi = (Q)('7 = 0), P(Q)- const (3.48) 

are the ordinary "free" initial data of the equation of the motion. 
Besides of the Higgs field Qh can be one more (massless) scalar field 
Qa (of the type of axion (A)). In this case 



(p{f]) = ifiy/l + 2Hiii, (3.49) 
Uiv) = Qa/ + ^ log (1 + 27^,77), (3.50) 

}h{v) = QHi + ^log{l + 2Hiv), (3.51) 
Zrti 

Pa 



where ipi,Ui = ^/T^+7{jj and Qai,'Ha = , 2 ^^'^^ Qhi,'Hh 



Ph 

T- are free initial data in the CMB frame of reference, in the 

2Voipj 

contrast to the Infiationary model, where ipi — TLiji — tjq). One 
can see that this main hypothesis of the Inflationary model contra- 
dicts to the diffeo-invariant constraint-shell dynamics of the GR, in 
particular the cosmological model p.40p . where the constraint-shell 
Hamiltonian action takes a form 



Vo 

oconstraint shell I ^ ^ 
S^vac = / dip 



p ^^^Uf 



(3.52) 



As it was shown |28[ [29j [63l [72] there are initial data of quantum 
creation of matter aX zj + l = 10^^/3, and a value of the Higgs-metric 
mixing "angle" Qo — 3 x 10^^^ is in agreement with the present-day 
energy budget of the Universe. 
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3.3.3 Quantum universes versus classical ones 

The standard pathway from SR to QFT of particles shows us the sim- 
ilar pathway to "QFT" of universes [HI [lO] that include the following 
steps. 

1. The Hamiltonian approach: (|3.40p . 

2. Resolution of the energy constraint: ~ E'^ — with respect 
to = ±E^ (13:321) . 

3. Reduction as substitution of these solutions into action l|3.40p 
gives us the "reduced action" 



S = dip 



' d{Q) 



(3.53) 



VI 



and the time-interval {i]) - time-variable (</?) relation l|3.33p 

din ini — ini 

(3.54) 



Vi 



PiQ) 



that is treated in cosmology as the Hubble law (and in SR, as 
the Lorentz transformation), 

4. Primary quantization of the energy constraint: [P^ — E^]'^ — 0, 

d 

here P„ = 

dip 

5. Secondary quantization of the energy constraint: ^' = , 

6. The Bogoliubov transformation: v4+ = aB^ +P*B^ , 

7. The Bogoliubov vacuum : B^\0 >u= 0, and 

8. Cosmological creation of Nu — u < 0|^+yl^|0 >u universes 
from the Bogoliubov vacuum |0 >[/ at 77 = (see in detail 
Appendices A and B [10]). 

The arrow of the time-interval ry > arises at the step 5.) of the 
decomposition of the wave function onto the sum of the creation 
operator of a universe going forward (p > (pi with positive energy 
P^p>Q, and the annihilation operator of a universe going backward 
ip> < Lpi with energy P^p < 0. This "eightfold pathway" shows us that 
two quantizations 4.) and 5.) are needed, in order to remove the 
negative energy and provide the stable system |10) . 



56 



The eight principles are the basis of the fundamental operator 
quantization as the result of the QFT experience in the twentieth 
century. The main principle providing this quantization is the "co- 
ordinate time reparametrization symmetry of the action" leading to 
the concepts of energy constraint, space of events, time-event - time- 
interval relation, particle, quasiparticle, vacuum, and quantum cre- 
ation from vacuum as a QFT mathematical model of "Big-Bang" 
considered above. In the model of rigid state, where E^p = P(^Q^/tf^ 
we have an exact solution for number of created universes (see Eqs. 



1 



4P2 _ 1 



sm 



p2 _i 



In 



^0, 



where 



ip = ipi\/l + 2Hiri 
P(Q)/(2Vb¥'/) are the initial data. 



(3.55) 



(3.56) 



and ipi,Hi ^ ^'ilfi 

There is another version of GR accepted in ACDM cosmological 
perturbation theory [60l [73]. For simpHcity, one can compare this 
version using as example the zeroth mode sector l|3.2ip . Instead of 
the SR type theory (|3.2ip in [60l [73] one uses its version obtained by 
the substitution of the Nq — \ , — -q gauge into the action l|3.2ip 



No = l 



(d{Q)\ 
\ dx° ) 



dip 
d^ 



(3.57) 



zeroth — mode contribution 



In this case, the reparametrization symmetry is postulated on the 
level of classical equations (74] so that the measurable conformal time 
becomes an object of reparametrizations 77 — > ^ = 77(77) in the contrast 
to the Dirac definition of measurable quantities as diffeo- invariants. 
The quantum theory (|3.57p does not contain a vacuum as a state 
with the minimal energy because the corresponding Hamiltonian is 
not restricted from bottom; therefore, this theory is not stable in 
contrast to the initial theory (|3.2ip , where the primary and secondary 
quantizations determine the vacuum as state with the minimal energy 
of the constraint-shell Universe motion in its space of events. 

However, very the problem of unification GR with SM based on 
the fundamental quantization of relativistic QFT supposes the con- 
sideration of SM and GR on equal footing. Therefore, instead of 
the theory l|3.57p without the vacuum postulate accepted in ACDM 
model [60] , we shall consider the theory l|3.2ip with vacuum postulate 
accepted in SR and GR. The theory l|3.2ip has a particular quantum 
solution (|3.55p . I|3.56p predicting an inevitable vacuum creation of a 
number of "universes" determined by the "free" initial data pi , Hi , 
and {Q)i = Qo including P^'g^ = l|3.45p at the moment 77 = 0. 
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In this case, the corresponding equation of motion in SM admits 
an arbitrary value of the initial datum {Q)i — Qq. These initial data 
determine the mass spectrum of the SM particles (vector, bosons and 
fermion) in the SM Lagrangian. 



3.4 Hamiltonian GR&SM 

3.4.1 GR&SM theory in the 3L + IG Hamiltonian approach 

As we have seen above in Subsection 1.5, that the diffeo- invariant 
3L + IG version 

J 2 _ 2~ ~ 27a [L) (L) ,„ c;o\ 

as = = a = a w^^^^i^uj}^^'^ , (3.58) 

^J^^) = V^-^AAdC, (3.59) 

= e^k)rdx' + M(b)dC. (3.60) 

Af = {fy^)f-^^\ (3.61) 

= ^^^A^+ ^ a'/^-'^'Tj, (3.62) 

7^0,4,6,8,12 

A Q 

= ^ - (T^) = 0, (3.63) 



6S 

SNd 



Sip 

f,, = 



A 2 2 

|7AAV^^ AV^ + \^J\f^^^ } + (3.64) 

7=0,4,6,8,12 

is more adequate to finite volume and finite time of the cosmological 
dynamics of the Universe as the whole, with the Hubble law l|3.33p 
than the Dirac - ADM 4L version 



(0) 



il^^Nddx^, (3.65) 

= V''e(f,),(da:^ +7VV.T°), (3.66) 

^ Td = M^^A^+ ^ ^/r, = 0, (3.67) 

/=0,4,6,8,12 



^5 



- r^ = ^{7A^dV^A^ + ?/;A[iVdV'']}+ (3.68) 



/=0,4.6,8.12 



Moreover, the diffeo-invariant 3i + IG Hamiltonian approach can be 
considered as the finite volume generalization of the acceptable Dirac 
- ADM one with 4L constraints. Both these approaches coincide in 
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— 1 /2 

the infinite volume limit a — 1, {T^ ) — > 0. However, the 4L version 
loses reparametrization time symmetry principle and its direct conse- 
quences, such as the evolution parameter ipoa = ip in the "field space 
of events" and the "energy of event" that arises in the Hamiltonian 
constraint-shell action (13.91) 



•Sgr&sm 



constraint— shell 



= J dx°J dPx PpdoF. (3.69) 



The kinemetric subgroup l|2.37p essentially simplifies the solution of 
the energy constraint l|3.24p , if the homogeneous variable is extracted 
from the the determinant ip'^{x^,x ) = a{Oi^^{C,x'') with the addi- 
tional constraints 



d'^x log -0 



1 



|e(b)»| = 



0, 



± 



dip 



((Td)i/^ 



PfQ^/i2Voifoa) 



(3.70) 

(3.71) 

(3.72) 
(3.73) 

(3.74) 



The action p.69p after the separation of the zeroth modes l|3.16p 
and (|3.19p takes the form 



(3.69) = / ^^2;° J J d^x PpdoF 
= J dip I j d^x Y Pp^^'^P 



P 



VI 



LVo 



P 



d{Q) 
d{Q) 



P. 



dip 
d^ 



dip 



± W3.75) 



where 



P^ = ±^^ = ±2V^oV((7d)i/2)2 + p2^^/(2Fo¥'oa)2 (3.76) 



is the constraint-shell Hamiltonian in the "space of events" given by 
the resolving the energy constraint l|3.32p . 

3.5 Correspondence principle 

The physical meaning of this constraint-shell Hamiltonian can be re- 
vealed in the limit of the tremendous contribution of the homogeneous 
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energy density 



2VqPs ~ lO^^GeV > / d^xTsm ^ lO^GeV 



In this case the constraint-shell Hamiltonian takes the form 



(3.77) 



= ±E^=±2Vo^{{T^m^ + PfQ^/{2Vo^oay 
1 



= ± 



Pc 



2Voy^c 



/Pc 



Vo 



p2 



(3.78) 



(3.79) 



Using the standard definition of the conformal time in cosmology 
d(p = d-qJ^ one can see that the constraint-shell action p.75p 



S 



d^\+PiQ)^±2Vo^,} + 



(3.80) 



Vo 



F=ii,e, Q 



is the sum of action of homogeneous cosmology and the action of 
the local field theory with the SM Hamiltonian, where all masses 
are determined by the Higgs-metric "angle" (Q) and the cosmological 
scale factor 0(77). 

The cosmological dynamics in the form of the Hubble law is 



Vol 



?7± 



da 



ipaai 



\/Pcr(a) ' 



(3.81) 



is a one of consequences of the time reparametrization invariance 
principle. In the homogeneous approximation 



= Ps+ Pzm = 

= Poor 

/=0,4,6,8,12 



(3.82) 



7=0,4,6,8,12 
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where fi/ is partial energy density marked by the index / running a 
collection of values / = (rigid), 4 (radiation), 6 (mass), 8 (curva- 
ture), 12 (A-term) in accordance with a type of matter field contri- 
butions. 

The equation of (Q) take the standard form 



P{Q) - 777^ = 0- (3-83) 



dL 

d{Q) 

dL 



In the case of "j"! = 0, P(Q)/(2Vb) = ((3)Vo^^ is an integral of 



motion. Therefore 



P{Q) f dr] 



The accepted ACDM cosmological model arises in the case if P(q) ~ 
0, when the rigid state is suppressed by the A -term flj^u in the 
total density ijSlMl) 

^i=i2a\v) » (3.85) 
a (»?) 

At the Planck epoch of the primordial inflation 

= ifoao ~ iJo ^ 10-^Vo (3.86) 
this means that A -term is greater than the rigid, if 

^rigid(I=0) in366o Cq fi7^ 

"A(/=i2) > e = -LU "iigid(i=o)- (3.87j 

Here a question arises: What is a reason of this strong dominance of 
the A-term, if its contribution is suppressed in 10'^^^ times in com- 
parison with the rigid state? 
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4 GR&SM theory as a conformal brane 



4.1 The Lichnerowicz variables and relative units of 
the dilaton gravitation 

One can say that the manifest dependence on the energy density Td 
on the spacial determinant in the expression l|1.68p is equivalent to 
a choice the Lichnerowicz (L)-coordinates l|2.27p w^^j* and L- variables 
l|2.28p . (|2.29p as observable ones. The L-observables are physically 
equivalent with the case when the field with the mass m = moV'^ 
is contained in space-time distinguished by the unit spatial metric 
determinant and the volume element 

dV^(i) = uj\f^^ A A ^[3)^ = d^x. (4.1) 

In terms of the L-variables and L-coordinates i^oV'^ = w the Hilbert 
action of classical theory of gravitation l|2.2p is formally the same as 
the action of the dilaton gravitation (DG) [75] 

Sncin - - I d'^^^ Rin ^ (4.2) 



4„ 



6 



where g^' — uP'g and w is the dilaton scalar field. This action is 
invariant with respect to the scale transformations 

p{n)n ^^np(n)^ ^ g ^ U>^^ = f^-^U;. (4.3) 

One can see that there is a transformation 

(4.4) 



converting the dilaton action l|4.6p into the Hilbert one (|2.2p . In this 
manner, the CMB frame reveals the possibility to choose the units 
of measurements in the canonical GR. The dependence on the en- 
ergy momentum tensors on the spatial determinant potential ip is 
completely determined by the Lichnerowicz (L) transformation to 
the conformal variables (p?27|) . (p?28l) . and l(239| . The manifest de- 
pendence on the energy density Td on the spacial determinant tp 
in the expression l|1.68p is equivalent to a choice the L-coordinates 
1(2:271) ^[^,) and L-variables dSSH]), (|2?29l) as observable ones. The 
L-observables are physically equivalent with the case when the field 
with the mass m = moip^ is contained in space-time distinguished by 
the unit spatial metric determinant and the volume element (|4.ip . 
In terms of the L-variables and L-coordinates 

ifo^P^ = X(o) (4.5) 
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the Hilbert action of classical theory of gravitation (|2.2p is formally 
the same as the action of the dilaton gravitation (DG) |75j 



Sdg — 



(4.6) 



(0) 



6 



where g(L)ij,u = ^^^^ "'^(o) is the dilaton scalar field. This 

action supplemented by conformally coupHng scalar <i> — field 
takes the form of a relativistic brane 



(D=4/W=2) 
brane 



Y2 _ v2 

- 9 : ^Mg) 



6 



with two external "coordinates" defined as 



(4.7) 



(4., 



in accord with the standard definition of the general action for brane 
in D/N dimensions given in ^19] by 



-,{D/N) 



N 



AB 



•' A,B = l 



XaXb 



{D-2){D-l) 



(4.9) 



In this case, for = 4, TV = 2 we have rj^^ = diag{l,-l}. The 
hidden conformal invariance of the theory l|4.7p admits to replace 
the Einstein definition of a measurable interval l|2.ip in GR by its 
conformal invariant version as a Weyl-type ratio 



2 _ ds^ 



(4.10) 



units 



where ds^^^^.^ is an interval of the units that is defined like the Einstein 



definition of a measurable interval l|2.ip in GR. 

This action is invariant with respect to the scale transformations 

pin)n ^^np{n)^ ^ ^2^^ X^^^^Q-^X^Oy (4.11) 

One can see that there is a transformation 



(4.12) 



converting the dilaton action l|4.6p into the Hilbert one (|2.2p . In this 
manner, the CMB frame reveals the possibility to choose the units of 
measurements in the canonical GR. 
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4.2 "Coordinates" in brane "superspace of events" 

The analogy of the conformally coupHng scalar field in GR with a 
relativistic brane l|4.7p allows us to formulate the choice of variables 
l|3.4p and l|3.5p as a choice of the "frame" in the brane "superspace of 
events" 



X 



(0) 



^(1)' 



Q = arc coth 



X, 



(0) 



(1) 



(4.13) 
(4.14) 



As we have seen above the argument in favor of the choice of these 
variables is the definition of the measurable value of the Newton 
constant 

present— day 



" T (0) 



(4.15) 



as the present-day value of the "coordinate" X(o) = ipo . 
In the case the action (14.71) takes the form 



9{L)dtJ.QdryQ 




X. 



(4.16) 



This form is the brane generalization of the relativistic conformal 
mechanics 



•^particle [-^0,(^0j 



ds 



2/ dQo 



ds = dx°e{x°) 



f dXo 
V ds 



(4.17) 
(4.18) 



considered as a simple example in the Section 3. 

The relativistic mechanics (|4.17p has two diffeo-invariant measur- 
able times. They are the geometrical interval (|4.18p and the time- 
like variable Xq in the external "superspace of events". The relation 
between these two "times" Xo{s) are conventionally treated as a rel- 
ativistic transformation. The main problem is to point out similar 
two measurable time-like diffeo-invariant quantities in both GR and 
a brane l|4.16p . 

The brane/GR correspondence l|4.7p and special relativity l|4.17p 
allows us to treat an external time as homogeneous component of the 
time-like external "coordinate" X(^q){x'^ , x^) identifying this homoge- 
neous component with the cosmological scale factor a (|2.35p 



X(^o){^°,x'')^ip{x")=ipoa{x'>) 



(4.19) 
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because this factor is introduced in the cosmological perturbation 
theory [59] by the scale transformation of the metrics (|4.8p too. 

The question arises: What is the value of this initial datum ipi — 
fotti , if cosmological factor is treated as one of "degrees of freedom"? 

4.3 Free initial data versus "Planck's epoch" 

The "degrees of freedom" means that their initial data are beyond 
equations of motion (i.e. "free" from any theoretical explanation) 
and they can be defined by only fitting of diffeo-invariant observa- 
tional data. This "freedom" is main difference of a "theory" from 
Inflationary Model [24], where these data are determined by funda- 
mental parameters of equations of motion of the type of the Planck 
mass. In particular, in the Inflationary Model (and ACDM Model 
too), the initial datum aj is explained by the constraint 



called the Planck epoch. This constraint is justifled by the funda- 
mental status of the Planck mass parameter in the initial Einstein - 
Hilbert action. 

However, as we have seen in both the exact GR (|3.2p . (|3.20p and 
its cosmological approximation (|3.2ip . diffeo-invariant solutions of 
Einstein equations in GR contain the Planck mass as a multiplier of 
the cosmological scale factor = (foa, so that the Planck mass arises 
in the diffeo-invariant reduced action l|3.53p as a present-day datum 
Vo = 'fiiv = Vo)- 

The present-day status of the Planck mass in GR is one of conse- 
quences of the diffeo-invariant reduction of theory to the constraint- 
shell action l(3^ . 

Therefore, the justiflcation of the Planck epoch, in Inflationary 
Model, in the form of the constraint (|4.20p looks as artefact of the 
diffeo-non-invariant consideration that is not compatible (as we have 
seen above) with the practice of SR and the Dirac definition of ob- 
servables as diffeo-invariants. 

Moreover, the Planck's constraint l|4.20p is not compatible with 
the causality principle of the diffeo-invariant action, in accord to 
which, in the sum 



the initial datum (pi in the first integral does not depend on the 
present-day data (/JqjV'o — T^oVo in the second integral in contrast 
with the acceptable treatment (|4.20p of the "Planck epoch" as the 
Early Universe one ipi =Ho. 



(4.20) 




(4.21) 
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5 Observational tests 

5.1 Test I. The supernova la data 
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Figure 3: The Hubble diagram in cases of the absolute units of standard 
cosmology (SC) and the relative units of conformal cosmology (CC) [65l 
[76., 77J. The points include 42 high-redshift Type la supernovae ^86j and 
the reported farthest supernova SN1997ff [78]. The best fit to these data 
requires a cosmological constant f^A = 0.7, ficDivi = 0.3 in the case of SC, 
whereas in CC these data are consistent with the dominance of the rigid 
(stiff) state. The Hubble Scope Space Telescope team analyzed 186 SNe 
la [79j to test the CC \J7}. 



Since the end of the XX century supernovae data has widespread 
tested for all theoretical cosmological models. The main reason of 
this is the fact that supernovae "standard candles" are still unknown 
or absent [80]. Moreover, the first observational conclusion about 
accelerating Universe and existence of non- vanishing the A-term was 
done with the cosmological SNe la data. Therefore, typically stan- 
dard (and alternative) cosmological approaches are checked with the 
test. 

Models of Conformal Cosmology are also discussed among other 
possibilities [8l[l0l[l5l[28l[29l[63l[64l[26l[811. Conformal Cosmology is 
an alternative description of the Supernovae data without the A-term 
as evidence for the Weyl geometry [26] with the relative units inter- 
val dswoyi — '^'^Einstoin/'^'^Einstcin Units whcrc all mcasurablc quantities 
and their units are considered on equal footing. There is the scalar 
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version of the Weyl geometry described by the conformal-invariant 
action of a massless scalar field [75] with the negative sign that is 
mathematically equivalent to the Hilbert action of the General Rela- 
tivity where the role of the scalar field </> is played by the parameter 
of the scale transformation — multiplied by the Planck mass 

= l^Mpianck VMM [82J.' 

We have seen above that the correspondence principle [6] as the 
low-energy expansion of the "reduced action" (|2.65p over the field den- 
sity shows that the Hamiltonian approach to the General Theory 
of Relativity in terms of the Lichnerowicz scale-invariant variables 
l|2.73p identifies the "conformal quantities" with the observable ones 
including the conformal time drj, instead of dt = a{r])dr], the co- 
ordinate distance r, instead of the Friedmann one R — a{ri)r, and 
the conformal temperature = Ta{ri), instead of the standard one 
T. Therefore, the scale-invariant variables distinguish the conformal 
cosmology (CC) [64tl85j. instead of the standard cosmology (SC). In 
this case, the red shift of the wave lengths of the photons emitted 
at the time 770 — r by atoms on a cosmic object in the comparison 
with the Earth ones emitted at emitted at the time rjo , where r is the 
distance between the Earth and the object: 

^0 «('7o -r) _ 1 

Acosmic (jyo - ayvo) 1 + 2 

This red shift can be explained by the running masses m = a{r])mo 
in action l|2.72p . In this case, the Schrodinger wave equation 



a 



2a{r])mo r 



*L(ry,r) = T^^-L (77, r) (4.23) 
I drj 



can be converted by the substitution r — —-—,pr — PRa{rj), a{rj)dr/ — 

dt, a(r])'^L{r], r) = 5'o(i, R) into the standard Schrodinger wave equa- 
tion with the constant mass 



Pi « 



2mo R 



«'o(t,i?) = -^*o(i,i?)- (4.24) 

idt 



Returning back to the Lichnerowicz variables 77, r we obtain the spec- 
tral decomposition of the wave function of an atom with the running 
mass 

^L{Tl.r) = —Y,e " ^^^\a{ri)r) ^Y.'^f {T^,r){A.2^) 

k=l fc=l 

Where Eg'^'' = a^mo/k'^ is a set of eigenvalues of the Schrodinger wave 
equation in the Coulomb potential. We got the equidistant spectrum 
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—i{d/dr])'^]^ {r],r) — eg ' "i/)^ ' {rj , r) for any wave lengths of cosmic 
photons remembering the size of the atom at the moment of their 
emission. 

The conformal observable distance r loses the factor a, in com- 
parison with the nonconformal one R = ar. Therefore, in the case of 
CC, the redshift - coordinate-distance relation rj = J d(p{y^ po{(p))~^ 
corresponds to a different equation of state than in the case of SC 
j64j . The best fit to the data, including Type la supernovae [86l[78] . 
requires a cosmological constant JIa — 0.7, rJcDM = 0.3 in the case 
of the "scale- variant quantities" of standard cosmology. In the case of 
"conformal quantities" in CC, the Supernova data [86ll78j are consis- 
tent with the dominance of the stiff (rigid) state, f^Rigid — 0.85±0.15, 
r^Mattcr = 0.15 ± 0.15 [H [Ml ES]. If l^Rigid = 1, we have the 
square root dependence of the scale factor on conformal time 0(77) — 
\/l + '2Ho{r/ — 770)- Just this time dependence of the scale factor on 
the measurable time (here - conformal one) is used for description of 
the primordial nucleosynthesis [76t 1106) . 

This stiff state is formed by a free scalar field when ~ 2Voy/pQ = 

Q 

— . In this case there is an exact solution of the Bogoliubov equa- 

tions of the number of universes created from a vacuum with the 
initial data ip{f] = Q) = ipi, H{r] = 0) = Hj [9\. 

5.2 Test II. Particle creation and the present-day 
energy budget 

These initial data (fi and Hj are determined by the parameters of 
matter cosmologically created from the BogoHubov vacuum at the 
beginning of a universe 77 ~ 0. The Standard Model (SM) den- 
sity Ts in action (|2.72p shows us that W-, Z- vector bosons have 
maximal probability of this cosmological creation due to their mass 
singularity ^63j. One can introduce the notion of a particle in a uni- 
verse if the Compton length of a particle defined by its inverse mass 
Mj~^ = (oiMw)"^ is less than the universe horizon defined by the in- 
verse Hubble parameter H^^ = af{HQ)~^ in the stiff state. Equating 
these quantities Mi = Hi one can estimate the initial data of the scale 
factor flj = (iJo/Mw)^/"^ = 10~^^ and the primordial Hubble param- 
eter Hi = 10^^ Ho ~ 1 mm^^ ~ 3K. Just at this moment there is 
an effect of intensive cosmological creation of the vector bosons de- 
scribed in paper [63] (see Fig. 2); in particular, the distribution func- 
tions of the longitudinal vector bosons demonstrate clearly a large 
contribution of relativistic momenta. Their conformal (i.e. observ- 
able) temperature Tc (appearing as a consequence of collision and 
scattering of these bosons) can be estimated from the equation in 
the kinetic theory for the time of establishment of this temperature 
%eia.aUon ~ "(^c) xa^H, where n{T,) ^ and a ^ l/M^ is the 
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Figure 4: Dependence of longitudinal A*'" and transverse A'^^ compo- 
nents of the distribution function of vector bosons on time r — 2hirj 
and momentum (x — q/mi). Their momentum distributions in units 
of the primordial mass x = q/Mi show the large contribution of lon- 
gitudinal bosons. Values of the initial data Mi — Hi follow from the 
uncertainty principle and give the temperature of relativistic bosons 
T Hi = {M^^Hof'^ = 2.7K [63] 



cross-section. This kinetic equation and values of the initial data 
Ml = Hi give the temperature of relativistic bosons 

Tc - {MlHifl^ = {M^Hofl^ - m (4.26) 

as a conserved number of cosmic evolution compatible with the Su- 
pernova data [& H FfS t 186]. We can see that this value is surprisingly 
close to the observed temperature of the CMB radiation Tc = Icmb = 
2.73 K. 

The primordial mesons before their decays polarize the Dirac 
fermion vacuum {as the origin of axial anomaly [87 ^ [88 j [89 t [90]) and 
give the baryon asymmetry frozen by the CP - violation. The value of 
the baryon-antibaryon asymmetry of the universe following from this 
axial anomaly was estimated in paper [63] in terms of the coupling 
constant of the superweak-interaction 

Ub/n^ ~ Xcp ^ 10"^ (4.27) 

The boson life-times rn/ = 2Hirjw — — 16, tz ^ ^ 

25 determine the present-day visible baryon density 

nb^aw= "^/^ - 0.03. (4.28) 
sin 6w 

All these results l|4.26p - l|4.28p testify to that all visible matter can be 
a product of decays of primordial bosons, and the observational data 
on CMB radiation can reflect parameters of the primordial bosons, 
but not the matter at the time of recombination. In particular, the 
length of the semi-circle on the surface of the last emission of photons 
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at the life-time of W-bosons in terms of the length of an emitter (i.e. 
MwiVL) = (aw/2)i/3(T,)"i) is tt ■ 2/aw It is close to Irmn ~ 210 
of CMB radiation, whereas (AT/T) is proportional to the inverse 
number of emitters (aw)^ ^ 10"^. 

The temperature history of the expanding universe copied in the 
"conformal quantities" looks like the history of evolution of masses 
of elementary particles in the cold universe with the constant con- 
formal temperature Tc ~ a{^)T — 2.73 K of the Cosmic Microwave 
Background radiation. 

Equations of the vector bosons in SM are very close to the equa- 
tions of the ACDM model with the inflationary scenario used for 
description of the CMB "power primordial spectrum". 

5.3 Test III: The Newton potential and the Large- 
scale structure 

The equations describing the longitudinal vector bosons in SM, in this 
case, are close to the equations that fohow from the Lifshits pertur- 
bation theory and are used, in the inflationary model, for description 
of the "power primordial spectrum" of the CMB radiation. 

The next differences are a nonzero shift vector and spatial oscilla- 
tions of the scalar potentials determined by '>TT-f_) ■ In the conformal 
cosmology model [64j, the SN data corresponds to the dominance of 
rigid state rJrigid 1- The rigid state determines the parameter of 
spatial oscillations 



6„,.„ . ... 9 



m 



^2 ^ -H^[Qj^,{z + lf + ^nM.ssiz + l)]. (4.29) 



(-) 



The redshifts in the recombination epoch Zr ^ 1100 and the clustering 
parameter |82j 

r-clustering = -r^^^ TTT" 130 MpC (4.30) 

recently discovered in the researches of a large scale periodicity in red- 
shift distribution |831 [84] lead to a reasonable value of the radiation- 
type density 10"'' < ^ 3 ■ 10"^ < 5 • 10"^ at the time of this 
epoch. 
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6 Summary 



We have proposed 

• to make the Bekenstein - Wagoner transformation in the uni- 
fied GR&SM theory, in order to restore the Newton law, (this 
restoration converts the Higgs field into dimensionless "angle" 
of the metric-Higgs mixing) , 

• to convert the fundamental constant in the Higgs potential onto 
the zeroth Fourier harmonic of the Higgs field, that predicts 
mass of the Higgs field by initial date of the zeroth Fourier 
harmonic, 

• to attach the cosmological scale factor to the Planck mass as 
the single dimension parameter of the theory, 

• to choose the Conformal Cosmology description [HI [TOl [HI [281 
[Ml [EH [Ml [761 [m [81] where the Rigid state is an equiva- 
lent of the Quintessence state in the Standard Cosmology and 
gives satisfactory explanation of the last Supernovae la data for 
the luminosity distance-redshift relation without a cosmological 
constant, 

• to choose the free initial data for cosmological scale factor in- 
stead of the Early Unverse Planck epoch where initial data of 
the scale factor is determined by its present-day velocity {i.e. 
the Hubble parameter) . In the class of the diffeo- invariant so- 
lutions of the Einstein field equations, the Planck epoch can 
be unambiguously treated as the present-day one, whereas the 
opposite case contradicts to the Causality Principle. 

In the Section 4 it was shown that there are free initial data 
of the Electro- Weak epoch for both the zeroth modes (scale factor 
and "angle" of the metric-Higgs mixing) that initiated the intensive 
vacuum creation of the SM particles that can be treated as the "Big- 
Bang". 

In this case the Hilbert action-interval principle with two times- 
the time of events as the cosmological scale factor, and the time- 
interval gives responses on almost all problems of the Infiationary 
Model, if we replace its Early Universe Planck epoch by the free 
initial data of the Electro- Weak epoch. 

• The Hubble law is the time of events - time-interval relation; 

• Energy of events is the scale factor canonical momentum; 

• Homogeneity is consequence of the zeroth mode metric excita- 
tion obtained by averaging of the spacial metric determinant 
logarithm over the volume; 



71 



• Horizon is given by the Weyl definition of the measurable inter- 
val that attaches the cosmological scale factor to all masses so 
that we get running masses instead of the expanded Unverse; 

• Flatness is given by the initial data; 

• Planck era is the present-day one; 

• Singularity is absent in Quantum Universe with stable vacuum; 

• Arrow of time-interval is consequence of the causal quantiza- 
tion and primary and secondary quantization of the energy con- 
straint, in order to obtain the QFT Bogoliubov vacuum, as a 
state with the minimal energy of events; 

• Cosmological vacuum creation treated in the modern literature 
as "Big-Bang" is consequence of the running masses; 

• Origins of temperature ( 2.7 K) are consequence of scattering 
and collisions of primordial particle created from vacuum. 

The unified theory keeps the Newton gravity, provided that the 
Higgs scalar field mixes with the scalar metric component that con- 
vert the Higgs field into the "metric-Higgs mixing angle" Q. 

Then, in order to adapt the Standard Model (SM) to cosmol- 
ogy, we consider the SM version, where the fundamental dimensional 
parameter C in the Higgs potential A(<i>^ — C^)^ is replaced by ze- 
roth Fourier harmonic of the Higgs field so that all masses in 
SM are determined by initial data of the potential free (i.e. iner- 
tiat) equation of this harmonic. Such the replacement of the funda- 
mental parameter by an initial datum immediately predicts mass of 
Higgs field ~ 250 GeV that follows from the extremum of the quan- 
tum Coleman - Weinberg effective potential obtained from the unit 
vacuum-vacuum transition amplitude in the inertial motion regime. 
We consider a cosmological model, where the difference between the 
Higgs field and any additional scalar field forming the density of 
the Early Universe can be explained by initial data of inertial mo- 
tions of these scalar fields. The inertial motion of a scalar field cor- 
responds to the rigid state equation. The dominance of the rigid 
state is consistent with the best fit to the Hubble diagram of high- 
redshift Type la supernovae and SN1997ff [79] in the Conformal Cos- 
mology [HlIinillllEHlESllMllSllEBllIIlIHI], whereas in Standard 
Cosmology these data requires a cosmological constant f^A — 0.7, 

^^ColdDarkMattcr = 0.3 [25]. 

The Conformal Cosmology is the generalization of the Copernican 
relativity of positions and velocities to the Weyl relativity of values of 
intervals. The Conformal Cosmology is based on the Weyl definition 
of the measurable interval as the ratio of the Einstein one and the 
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units determined by the standard mass mo. If we joint the cosmolog- 
ical scale factor to the length, we get the expanded Universe in the 
Standard Cosmology. If we joint the cosmological scale factor to the 
units (i.e. masses including mo), we get the Conformal Cosmology as 
the collapsed units of an observer, just as Copernicus explained the 
Planet motion by a relative position of an observer in the Heliocen- 
tric system. In both the cases, the Copernican relativity of positions 
and velocities and the Weyl relativity of values of intervals mean free 
initial data of equations of motion, in particular, the free initial data 
of the cosmological scale factor in contrast to the Planck epoch of 
the Inflationary Model [2lj. All masses in Conformal Cosmology de- 
pend on the initial data of a solution of the equation of motions in 
the CMB frame, like a trajectory of a particle in the Newton me- 
chanics depends on initial data fitted from observations in a "frame 
of reference to initial data". 

One more difference from the Inflationary Model [24j is the Ein- 
stein - Hubert relativity of times. The relativity of times allows us to 
treat cosmological scale factor as the time- variable in space of events, 
cosmological equations - as the energy constraint in space of events, 
and Big-Bang as an inevitable consequence of the primary and sec- 
ondary quantization of this energy constraint in the form of vacuum 
creation of the universe and matter with the arrow of time-interval 
as an quantum anomaly. This anomaly is the consequence of the 
vacuum postulate about a quantum state with the minimal energy in 
the space of events. 

All relativity principles are consistent with the Dirac Hamilto- 
nian approach based on the classiflcation of all fleld components 
onto the Laplace-like potentials with the boundary condition and the 
d'Alambert-like degrees of freedom with initial data. 

The CMB frame fixing and the finite space-time suppose a formu- 
lation of GR with the complete separation of the frame transforma- 
tions from the general coordinate ones identified with the diffeomor- 
phisms [9l[28]. Such the separation states the following questions. 

1. What is a status of the conformal time in the Hubble redshift 
- luminosity distance relation? Is the conformal time an object 
of Bardeen's gauge transformations [7lj, or it is gauge-invariant 
measurable quantity in CMB frame in accord with the Dirac 
definition of observable quantities as invariants? 

2. What is a status of the cosmological scale factor? Is it an ad- 
ditional variable in Lifshitz's cosmological perturbation theory 
|60j . or it is a zeroth mode of the scalar metric component? 

3. What are initial data of the cosmological scale factor? Are they 
the Planck epoch data as the origin of the numerous problems 
in the Infiationary Model [24], or they are free from equations 
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of motion in accord with the standard causality principle for 
any dynamic systems? 

4. What is the "vacuum" of cosmological models? 

5. What is the origin of arrow of time? 

Responses to these questions can be given by the mentioned above 
the Hamiltonian tool [13 1 [28l [29l [91] . 

Just the complete separation of the frame transformations from 
the general coordinate ones is the main difference of the Hamilto- 
nian approach to GR from the naive Bardeen's approach [74] to 
the cosmological perturbation theory accepted in the Inflationary 
Model. The Bardeen's gauge transformations of the measurable time 
77 — > ?7 = 77(77) identifies the unmeasurable coordinate time x° as an 
object of the reparametrizations with the diffeo-invariant measurable 
interval 77 = a;°. This confusing = 77 is an obstacle for the consis- 
tent description of the dynamics in the reduce phase space of events 
[(/^IQ], where the scale factor (p is the single independent "evolution 
parameter". This confusing two times = 77 also prevents to under- 
stand the relativistic status of the Hubble law, space of events [(p\Q], 
the energy of events, the vacuum of events, the vacuum creation of 
the Universe, and the arrow of time in the cosmological models [ilO]. 

We show that there are the free initial data a/ = 3 x 10~^^, Qq — 
3 X 10^^'' that give the similar inevitable vacuum creation of particle 
in agreement with the present day energy budget of the Universe. 
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A Hilbert's QFT Foundations 



A.l Hilbert's formulation of Special Relativity 

The Hilbert geometric formulation of a relativistic particle [U [6l [7] is 
based on the action: 



'-'1915 



dr 



e(r) 



e(r) 



(A.l) 



and an geometric interval 
ds — e{T)dT 



s{t) = J dTe{T), 





{A.2) 



where r is the coordinate evolution parameter gwen in a one-dimensional 
Riemannian manifold with a single component of the metrics e(r) 
and the variables form the Minkowskian space of events, where 

{Xa) = Xq - X^ . 

The action l|A.l|) and interval (|A.2p are invariant with respect to 
reparametrizations of the coordinate evolution parameter t ^ t = 
t{t); therefore, the theory given by l|A.ip and i|A.2p can be considered 
as the simplest model of GR. A single component of the metrics e(T) 
plays the role of the Lagrange multiplier in the Hamiltonian form of 
the action IjA.ip : 



CSR 

'-'1915 ^ 



dr 



-Pc^drX" 



2m ^ " 



(A.3) 



Varying action IjA.SP over lapse-function e(T) defines the "constraint": 

[P^f - m2 = 0. (A.4) 



Varying action (jA.SP over dynamical variables {Pa,Xa) gives the 
equations of motion: Pa — mdXa/ds, dP^/ds = 0, taking into con- 
sideration ds = e(T)dT. Solutions of these equations in terms of 
gauge-invariant geometric interval l|A.2p take the form 



Xa{s)^Xa{Q) + ^^s. 



(A.5) 



The physical meaning of this solution is revealed in a specific 
"frame of reference". In particular, solutions of energy constraint 
l|A.4p with respect to a temporal component Pq of momentum Pa 



Po± =± 



P? 



(A.6) 
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are considered as the "reduced Hamiltonian" in the "reduced phase 
space" {Xi,Pj} that becomes the energy E{P) — ^ + P"^ onto a 
trajectory [21 [3]. The time component of solution IjA.sp 

s = -^[Xo(s)-Xo(0)] (A.7) 

shows us that the "time-like variable" Xq is identified with the time 
measured in the rest frame of reference, whereas an interval s is the 
time measured in the comoving frame. 

The dynamic version of SR p', '3] can be obtained as values of the 
geometric action (|A.3P onto solutions of the constraint (|A.6|) 



Xo 

QSR I _ QSR _ / Sy " 



'l915|fo=fo± — "-"1905 

Xo 



Pi — — Pn 4- 



(A. 



Just the values of the " geometric interval" l|A.7p and action (|A.8P 
onto resolutions l|A.6P of constraint l|A.4p in the specific frame of refer- 
ence will be called the "Hamiltonian redwciion" of Hilbert's geometric 
formulation of SR given by Eqs. ijATT]) and ijA^]) (see [6lfT3]). 



A. 2 Dynamic Special Relativity of 1905 

The "Hamiltonian reduction" leads to action l|A.8p of the dynamic 
theory of a relativistic particle of "1905" [21 [3] that establishes a cor- 
respondence with the classical mechanic action by the low-energy 
decomposition 

E{P) = ^m^ + Pl=m+^ + ... (A.9) 

It gives us the very important concept of particle "energy" E{0) — 
mc? . We can see that relativistic relation (|A.7P between the "time as 
the variable" and the "time as the interval" appears in the geometric 
version of "1915" 0] as a consequence of the variational equations 
l|A.6p . whereas in the dynamic version of "1905" [2113] the same rela- 
tivistic relation in the form of a kinematic Lorenz relativistic trans- 
formation is supplemented to variational equations following from the 
dynamic action (|A.8p . 



A. 3 Quantum geometry of a relativistic particle 

The next step forward to QFT is the primary quantization of particle 
variables: = 5^^, that leads to the quantum version of the 

energy constraint (|A.4p [□ -I- m?]%l^{Xi), Xi) = known as the Klein - 
Gordon equation of the wave function. The general solution of this 
equation 

dl^p + El^p^Q (A.IO) 
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for a single p-Fourier harmonics ^p(Xo) = / (PX e'KpiPjX^ip{XQ, Xi) 
takes the form of the sum of two terms 

vI/p = -^{a(+)(Xo) + a(-)(Xo)}, 

where a'^\XQ),al \Xo) are solutions of the equations 

[ido + Ep)al+^ = 0, {ido - £;p)a(-) = 0. (A.ll) 

They are treated as the Shrodinger equations of the dynamic theory 
IjA.sp for the case of positive and negative particle "energies" (jA.6P 
revealed by resolving energy constraint (|A.4p . 

QFT is formulated as the secondary quantization of a relativistic 
particle [ap~\ap^^] = 1 [62]- In order to remove the negative "en- 
ergy" —Ep and to provide the quantum system with stability, the 
field Op'*''' is considered as the operator of creation of a particle and 
Op"'' as the operator of annihilation of a particle, both with positive 
"energy". The initial datum Xk^q) is treated as a point of this creation 
or annihilation. This interpretation means postulating vacuum as a 
state with minimal "energy" Op ''|0) =0, and it restricts the motion 
of a particle in the space of events, so that a particle with Po+ moves 
forward and with Pq- backward. 

Po+ ^1(0) - ^(0); Po- -^lio) ^ -'^(0)- (A. 12) 

As a result of such a restriction the interval l|A.7P becomes 

TTl 

S(Po+) = -TT^Ms) - ^o(O)]; X,(o) < X(o), (A.13) 

TT) 

S(P„_) = —[XoiO] - Xois)]; X,(o) > X(o). (A.14) 

One can see that in both cases the geometric interval is positive. In 
other words, the stability of quantum theory and the vacuum pos- 
tulate as its consequence lead to the absolute reference point of this 
interval s — and its positive arrow. The last means violation of the 
symmetry of classical theory with respect to the transformation s — > 
—s. Recall that the violation of the symmetry of classical theory by 
their quantization is called the quantum anomaly [87l [HHl [89] . The 
quantum anomaly as the consequence of the vacuum postulate was 
firstly discovered by Jordan [90] and then rediscovered by a lot of 
authors (see |87j). 

A. 4 Creation of particles 

Creation of particles is described by QFT obtained by quantization of 
classical fields with masses depending on time m — ■m{XQ). Classical 
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field equation l|A.10p can be got by varying tiie action 
= J dXo{Ppdo^p~Hp}, 



(A.15) 



where Hp ^ ^ [Pp + Ep{XQ)^p'\ is the field Hamiltonian, here we 
kept only one p-harmonics. 

The holomorphic representation of the fields |94[ [95] 



^2Ep{XQ 



l=={a(+HXo) + a<p-HXo)} 



(A.16) 



(A.17) 



allows us to express the field Hamiltonian in action (|A.15P in terms of 
observable quantities — the one-particle energy Ep{Xo) and "number" 
of particles Np{Xq) 



[a+ap 



NpiXo) 



(A.18) 



While the canonical structure Ppdo'^ in (|A.15P takes the form: 



Ppdo^p 



-{a+doUp - a^doa 



-(a^a^ -apttp)- 



2E{Xo) 



The one-particle energy and the number of particle are not conserved. 
In order to find a set of integrals of motion, we can use the Bogoliubov 
transformations 

a+ = ab++l3*bp {a = e*^ coshr, /3 = e^'" sinhr), (A. 19) 

so that the equations of 6+ , bp become diagonal 

(^9o + Sb)6+ = 0, {ido - EB)b; = 0, (A.20) 

and the conserved vacuum is defined by the postulate: 

6;|0>p=0. (A.21) 

The corresponding Bogoliubov equations of diagonalization expressed 
in terms of the distribution function of "particles" Np{Xo) and the 
rotation function Rp{Xo) 

Np{Xo) = = p < a+a" >p= sinhr^ 

Rp{Xo) = i{a(3* - ot0) = - sin(26l) sinh 2r 
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take the form [94] 



(A. 22) 

2S(Xo)y'47Vp(7Vp + l)-i?2^ 

These equations supplemented by the quantum geometric interval 
IjA.lSP and ()A.14p are the complete set of equations for description 
of the phenomenon of particle creation. 

Thus, the direct way from Hilbert's geometric formulation of any 
relativistic theory to the corresponding "quantum field theory" goes 
through Dirac's Hamiltonian reduction and BogoHubov's transforma- 
tions. As a result, we have the description of creation of a relativistic 
particle in the space of events at the absolute reference point of geo- 
metric interval s of this particle. The physical meaning of this interval 
is revealed in the Quantum Cosmology considered below. 



B Quantum universes 
B.l QFT of universes 

After the primary quantization of the cosmological scale factor (p: 
i[P^p,ip] = 1 the energy constraint = E'^ transforms to the WDW 
equation 

dl^ + El^^O. (B.l) 

This equation can be obtained in the corresponding classical WDW 
field theory for universes of the type of the Klein - Gordon one: 

5u = y [{d^^f - El^'] = I d^Lv. (B.2) 

Introducing the canonical momentum = dL\] / d{d^'^)^ one can 
obtain the Hamiltonian form of this theory 

5u = j dip {P^d^^ ~ Hu} , (B.3) 

where 

Hu = l [Pi + El^^] . (B.4) 

is the Hamiltonian. The concept of the one-universe "energy" E^p gives 
us the opportunity to present this Hamiltonian Htj in the standard 
forms of the product of this "energy" E^p and the "number" of universes 

Nu = A+A-, (B.5) 
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= E,J^ [A+A- + A-A+] = E^[Nu + \] (B.6) 
by means of the transition to the holomorphic variables 

^^^={A+ + A-}, P^^^^{A+-A-}. (B.7) 

The dependence of on leads to the additional term in the action 
expressed in terms the holomorphic variables 

P^d^^^'-{A+d^A--A+d^A-)~^-{A+A+-A-A-)A{p), (B.8) 

where 

AM = (B.9) 

The last term in (|B.8P is responsible for the cosmological creation of 
"universes" from "vacuum". 



B.2 Bogoliubov transformation. Creation of uni- 
verses 

In order to define stationary physical states, including a "vacuum", 
and a set of integrals of motion, one usually uses the Bogoliubov 
transformations [UlElllg^ of the variables of universes A^): 

A+ ^ aB++l3*B- , A-^a*B-+f3B+ - = 1), (B.IO) 

so that the classical equations of the field theory in terms of universes 

{id^ + E^)A+ =iA-A{p), {id^-E^)A- ^tA+A{p), (B.ll) 

take a diagonal form in terms of quasiuniverses B^: 

{id^ + EB{^j)B+ =0, {id^-EB{^))B- =Q. (B.12) 

The diagonal form is possible, if the Bogoliubov coefficients a, /? in 
Eqs. (jB.lOp satisfy to equations 

{id.^ + E^)a = if3A{p), {id^ - E^)(3* = ia*A{^). (B.13) 

For the parametrization 

a = e*''^'^) coshr(95), P* = e*^^'^) sinhr(^), (B.14) 

where r{(p),9{ip) are the parameters of "squeezing" and "rotation", 
respectively, Eqs. (|B.13P become 

{id^0 ~ E^) sinh2r{(p) = -~A{ip) cosh2r{ip) siii26{(p), 

d^r{ip) = A{ip)cos2e{ip), (B.15) 
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while "energy" of quasiuniverses in Eqs. (|B.12p is defined by expres- 
sion 

Due to Eqs. (|B.12|) the "number" of quasiuniverses Afs = is 
conserved 

^.^(^ = 0. (B.17) 
dip dip 

Therefore, we can introduce the "vacuum" as a state without quasiu- 
niverses: 

B-|0>u=0. (B.18) 

A number of created universes from this Bogohubov vacuum is equal 
to the expectation value of the operator of the number of universes 
HB.SP over the Bogoliubov vacuum 

iVuM = u < A+A- >u= W = sinh^ r(^), (B.19) 

where /3 is the coefficient in the Bogohubov transformation IjB.lop . 
and N-\j{ip) is called the "distribution function". Introducing the Bo- 
goliubov "condensate" 

Rij{^) = i{aP*-a*p) = u < P** >u= ^ u< [A+A+-A-A-] >u, 

( B.20) 

one can rewrite the Bogoliubov equations of the diagonahzation l|B.13p 



'^pl = A(^)y^47Vu(A^u + 1) - Rl, 

. (B.21) 

= -2E^^UNu(Nu + 1) - R^ 



dRv 



. dip 



It is natural to propose that at the moment of creation of the universe 
(p{rj = 0) = ipi both these functions are equal to zeroth NTj{ip = 
ipi) — R-[j{if = ifi) = 0. This moment of the conformal time ry = is 
distinguished by the vacuum postulate l|B.18P as the beginning of a 
universe. 



B.3 Quantum anomaly of conformal time 

As it was shown in the case of a particle in QFT [B^, the postulate 
of a vacuum as a state with minimal "energy" restricts the motion 
of a "universe" in the space of events, so that a "universe" with 
moves forward and with P^p- backward. 

'Pi < <y5o; Pip- 'Pi> 'Po- (B.22) 
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If we substitute this restriction into the interval l|3.37p 



fa 



dip 



VI 



Va 



dip 



Pi > Po, 



(B.23) 
(B.24) 



one can see that the geometric interval in both cases is positive. In 
other words, the stability of quantum theory as the vacuum postulate 
leads to the absolute point of reference of this interval 7] = and its 
positive arrow. In QFT the initial datum ipi is considered as a point 
of creation or annihilation of universe. One can propose that the 
singular point (p — belongs to antiuniverse. In this case, a universe 
with a positive energy goes out of the singular point ip — 0. 

In the model of rigid state p = p, where = Q/p Eqs. (|B.2ip 
have an exact solution 



1 



4g2-i 



sm 



Q^-] In^ 
4 PI 



^0, 



(B.25) 



where 



p = pi\/l + 2Hir] 
Q/{2Vqp']) are the initial data. 



(B.26) 

and Pi, Hi = p'Jpi 

We see that there are results of the type of the arrow of time and 
absence of the cosmological singularity (|B.23P , which can be under- 
stood only on the level of quantum theory, where symmetry rj ^ —rj 
is broken 1871 



C Massive electrodynamics in GR 

As the model of the matter let us consider massive electrodynamics 
in GR 



= / d'^x^/^C, 



(C.l) 



where Cm is the Lagrangian of the massive vector and spinor fields 

Ff^u = d^A„-d^A^ is the stress tensor, Da = 95-«|[7(a)7(/3)]o-<5(a)(/3), 
is the Fock covariant derivative|l2j, 7(^) = 1^G{i3)ii are the Dirac 7- 
matrices, summed with tetrads 6(^3)1,, and <Ja(^a:)(i3) — ^('/j) (^^^(q,)^) 
are coefficients of spin-connection fT2l, 196]. 
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The Lagrangian of the massive fields (|C.2|) can be rewritten in 
terms of the Lichnerowicz variables 



= a^/^^^^', (C.2) 
that lead to fields with masses depending on the scale factor aifj'^ 

TO(L) = moatp'^ = mip'^, M(l) = Moaip'^ = Mip'^. (C.3) 
These fields are in the space defined by the component of the frame 



.(L) 
(L) 



(C.4) 
(C.5) 



with the unit metric determinant |e| — 1. 

As the result, the Lagrangian of the matter fields (|C.2p takes the 
form 

V^£m{A, ^, = iv^^7° (do ~ N^dk + \diN' - zeAo) 



~2 



'■h{c)'V[ah\£(c)(a)(b) + ^ ( 'Vi(A)V\l^) ~ ^^ij^'^ 



where the Legendre transformation AQ/{2Nd) = ttqAq — NdTrQ/2 with 
the subsidiary field ttq is used for linearizing the massive term; 



is the Hamiltonian density of the fermions, 



'MA) 



(C.6) 

(C.7) 
(C.8) 
(C.9) 



are the field velocities, and 



J. 



5(c) 




^5 = 2^"^ 
Jk = ^^''^7fc*^ 



(C.IO) 
(C.ll) 
(C.12) 
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are the currents, ct = cr, 



(a)(fc)|(c)£(a)(6)( 



where e 



(a)(b)(c) 



Levi-Civita tensor. 

The canonical conjugated momenta take the form 



pi 

^(A) 



01/ ^""^ 01/ - 01/ 

« 2- 

9(^0 In ^) 



^(afc) 



J'5(c)£(c)(a)(6) 



(A)' 



denotes the 



(C.13) 
(C.14) 

(C.15) 
(C.16) 
(C.17) 



Then, the action l|C.ip one can be represented in the Hamiltonian 
form 



S— I dx 



p2 



J d^x PpdoF + C- 7VrfTo° j 



4Kn 



where Pp is a set of the field momenta (|C.14p - (|C.17P , 

/=0,4,6,8 



(C.18) 



is the sum of the Hamiltonian densities including the gravity density 



T7=4 
Tl=e 

T/=8 



~7 4(/p2 

^ —d{b)d(b)ip, 

QP(ab)Piab) _ 16 2 , ^0 

^(A) , F,,F^^ 



(C.19) 
(C.20) 



2 A//"2/l2 



(C.22) 
(C.23) 



here P(^ab) = U^la)P{b)r + ^\b)P{a)i), P{b)i = P(b)i + e\^f(c)(a){b)J(c), 

C = Ao[a,P(^) + eJo - TTo] + A^(b)r(°b)t + AojJ^ + A(,)afee[;,) (C.24) 

denotes the sum of the constraints, where Jo = V^To^^ is the zeroth 
component of the current; Aq, Nd, iV', Ao, X(a) are the Lagrange mul- 
tipliers including the Dirac condition of the minimal 3-dimensional 
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hyper-surface |13j 



p^ = v = Q^{do-N'di)\ogij = -diN\ (C.25) 
that gives a positive value of the Hamiltonian density (|C.20p , and 

T(a)t = -P^>5(a)V'+ia(a)(F^V') + 2p(f,)(c)7(6)|(a)(c)-9(b)P(f,)(a) 

are the components of the energy-momentum tensor ^ = Tl'e^^j . 



D Vacuum creation of particles 

D.l Particle in Quantum Field Theory 

In quantum field theory, the concept of a particle can be associated 
only with those field variables that are characterized by a positive 
probability and a positive energy. Negative energies are removed 
by causal quantization, according to which the creation operator at 
a negative energy is replaced by the annihilation operator at the 
respective positive energy. All of the variables that are characterized 
by a negative probability can be removed according to the scheme 
of fundamental operator quantization [32] . The results obtained by 
applying the operator-quantization procedure to massive vector fields 
in the case of the conformal fiat metric are given in |3H 163)^ . 

In order to determine the evolution law for all fields v, it is con- 
venient to use the Hamiltonian form of the action functional for their 
Fourier components vi = J (Pxe^^'^v^ (y:); that is. 




where , pJt are the canonical momenta for, respectively, the trans- 
verse and the longitudinal component of vector bosons and ptot is the 
sum of the conformal densities of the scalar field obeying the rigid 

* The vacuum creation of particles in the conformal fiat metric was considered 
in [921193] and, in the time reparametrization-invariant models, in [94] . 
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equation of state and the vector field, 



Ptot (a) 
Pv(a) 



Pv(a), 

1- , 



and i/" being the Hamiltonians for a free field! 

1 



(D.2) 
(D.3) 

(D.4) 



;(a, /c) 
Afva 



Here, the dispersion relation has the form uj — -^/k^ + (Mva)^; for the 

sake of brevity, we have also introduced the notation p|J^ = p[! • p^j,. 

Within the reparametrization-invariant models specified by ac- 
tion functionals of the type in (|D.ip with the Hamiltonians in l|D.4p , 
the concepts of an observable particle and of cosmological particle 
creation were defined in [Ml ■ We will illustrate these definitions 
by considering the example of an oscillator with a variable energy. 
Specifically, we take its Lagrangian in the form 

: pv^ov - No^IpI + - + po{No - 1) . (D.5) 



The quantity = [pi + w^v^]/2 has the meaning of a "conformal 
Hamiltonian" as a generator of the evolution of the fields v and Pv 
with respect to the conformal-time interval dr/ — Ngdx^, where the 
shift function Nq plays the role of a Lagrange multiplier. The equa- 
tion for A^o introduces the density po = — uj/2 in accordance with 
its definition adopted in the general theory of relativity. In quantum 
field theory |92l[9H[95], the diagonalization of precisely the conformal 
Hamiltonian 



part 



(D.6) 



specifies both the single-particle energy lo = ^k^ + {Mya^rj))^ and 
the particle-number operator 



part - 2^ bv 



2 2i 1 

■ UJ V \ 

^ 2 



(D.7) 



with the aid of the transition to the symmetric variables p and q 
defined as 



a 



1 



{a++a). (D.8) 



^In quantum field theory, observables that are constructed from the above field 
variables form the Poincare algebra |31U32) . Therefore, such a formulation, which 
depends on the reference frame used, does not contradict the general theory of 
irreducible and unitary transformations of the relativistic group [62LI61] . 
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In terms of the symmetric variables p, q the particle-number operator 
takes form 

N^..t = \[p' +q^]-\^a+a. (D.9) 

Upon going over to these variables in the Lagrangian in (jP.Sp . we 
arrive at 

C = p9og - M^oA^ - iVoc^[iVpart + 1/2] , (D.IO) 

where d^/S.^ = doUj/2uj and where there appears sources of cosmic 
particle creation in the form pq = j[(a+)^ — a^]/2. Here, we give 
a derivation of these sources for transverse fields, whereas, for lon- 
gitudinal fields [see Eq. l|D.4p ]. the analogous diagonalization of the 
Hamiltonian leads to the factor OqA^^ = doip/ip — dow/2uj. 

In order to diagonalize the equations of motion in terms of the 
mentioned new variables, it is necessary to apply, to the phase space, 
the rotation transformation 

p — pecoa9 + qesind, q — qe cosO — pesvaO (D.ll) 

and the squeezing phase space transformation 

pe = 7^e-^ qe = S,e+\ (D.12) 

As a result, the Lagrangian in l|D.10p assumes the form 

/: = 7raoC + 7r^[aor-9oAcos26l]-)- (D.13) 

+—e-'^''[doe - NaLo - 9oAsin2e'] + ^e^'^ldoO - N^uj + c»oAsin26l]. 

The equations of motion that are obtained from this Lagrangian, 

^' + - A' cos 261] + TTe^^''[doe - Nnuj - 9oAsin2e'] = 0, (D.14) 

tt' - 7r[r' - A' cos 261] - (2e'^'^[doe - Nquj + aoAsin26'] = 0, (D.15) 
take a diagonal form, 

C+uJbTT^O, -n'+uJb^^O, (D.16) 

if 

ujb e-^''[LU - e' - A' sin 29] ^ "^^-^ (D.17) 

and the rotation parameter 9 and the squeezing parameter r satisfy 
the equation^ 

[9' - uj]sh2r = - A' sin 26lch2r, r' = A' cos 261. (D.18) 

^These equations for transverse and longitudinal bosons coincide completely 
with the equations for the coefficients of the Bogolyubov transformation b = aa + 
fSa~^ , a' — iuja = A'/3, derived by using the Wentzel-Kramers-Brillouin method 
in |93| . see Eqs. (9.68) and (9.69) in |93j on page 185 in the Russian edition of 
this monograph, where it is necessary to make the change of variables specified by 
the equations A' = , a* = exp[i0 — if d'quj]chr, (3 = exp[— + i/ (ir;a;]shr. 
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By solving these equations, we can find the time dependence of the 
number of particles produced in cosmic evolution l|D.9p 

ch2r — 1 - TT^ — f ^ 
^part = ^ + ch2r7Vq_part + sh2r (D.19) 

where iVq_part = [tt^ — l]/2 = 6+6 is the number of quasiparticles 
defined as variables that diagonalize the equation of motion. Since 
the equation of motion is diagonal, the number of quasiparticles is an 
integral of the motion, that is, a quantum number that characterizes 
the quantum state of the Universe. One of these states is the physical 
vacuum state |0)sq of quasiparticles (that is, the squeezed vacuum, 
which is labelled with the subscript "sq" in order to distinguish it 
from the vacuum of ordinary particles) , 

6.|0)sq = {b^l=[^ + in]). (D.20) 

In the squeezed-vacuum state, the number of quasiparticles is equal 
to zeroth 

sq(0|7Vq_part|0)sq = 0. (D.21) 

In this case, the expectation value of the particle-number operator 
l|D.19P in the squeezed- vacuum state is 

sq(0|^part|0).q = - 1 = shV(r,). (D.22) 

The time dependence of this quantity is found by solving the Bo- 
golyubov equation (|D.18p . The origin of the Universe is defined as 
the conformal-time instant r; = 0, at which the number of parti- 
cles and the number of quasiparticles are both equal to zeroth. The 
resulting set of Eqs. (jD.lSP becomes closed upon specifying the equa- 
tion of state and initial data for the number of particles. In just the 
same way, the number of particles characterized by an arbitrary set 
of quantum numbers 

and produced from the "squeezed" vacuum by the time instant can 
be determined by solving an equation of the type in l|D.18P . 

Thus, just the conformal quantities of the theory, such as the 
energy ujk — \/k'^ + M'^a^, the number particles Npaxt , the conformal 
density 

Pv = ^sq(0|Arfc part|0)sqWfc/V(r) 
k 

that are associated with observables, in just the same way as the 
conformal time in observational cosmology is associated with the ob- 
served time [64] . 
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D.2 Physical implications 

D.2.1 Calculation of the Distribution Function 

Let us consider the example where the above set of equations is solved 
for the evolution law in the case of the rigid equation of state, 



air)) =ai^l + 2H^ (ajHi ^ Ho), 

where a/ = a(0) and Hj are initial data at the matter-production 
instant. 

We introduce the dimensionless variables of time r and momen- 
tum X and the coefEcient 7v according to the formulas 



r = 21)111 = v/vi, 



q 

Mi' 



7v 



Hi' 



(D.23) 



where Mi = M^{ri = 0) are initial data for the mass. Now the 
single-particle energy has the form oj^ — i?/7vVl + t -\- . 
The Bogolyubov equations l|D.18|) can be represented as 

1 1 



tanh(2rll) 
dT 

tanh(2r^) 
dr 



2(1 


+ r) 


4[(1 + t) 


+ a;2] 


7v 
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V(n 


- t) -t- a;2 - 


dT 
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2(U 


-r) 


4[(1+t) 
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4[(1 


+ t)+ 





fv/TT 



4 1 



dr 

.cos(20^). 



sin(20ll), (D.24) 



cos(26'IJ),(D.25) 



sin(26l^), (D.26) 



(D.27) 



We solved these equations numerically at positive values of the mo- 
mentum X — q/Mi, considering that, for t -1-0, the asymp- 
totic behavior of the solutions is given by r(T) const • r and 
6{t) = 0{t). The distributions of longitudinal A/'"(x,t) and trans- 
verse N^{x, t) vector bosons are given in the Figure 1. for the initial 
data Hi = Mi (7v = 1). 

From the Figure 1, it can be seen that, for a; > 1, the longitudinal 
component of the boson distribution is everywhere much greater than 
than the transverse component, this demonstrating a more copious 
cosmological creation of longitudinal bosons in relation to transverse 
bosons. A slow decrease in the longitudinal component as a function 
of momentum leads to a divergence of the integral for the density of 
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product particles |63) : 



MV)^^ I dqq^ AAll(<z,r,)+2AA^(q,r7) 



oo. 



(D.28) 



D.2.2 Thermalization of Bosons 

The divergence of the integral (|D.28P stems from idealizing the prob- 
lem of the production of a pair of particles in a finite volume for a 
system where there are simultaneous interactions associated with the 
removal of fields having a negative probability and where identical 
particles affect one another (so-called exchange effects). In this case, 
it is well known [96], that one deals with the production not a pair but 
a set of Bose - particles, which acquires, owing to the aforementioned 
interactions, the properties of a statistical system. As a model of such 
a statistical system, we consider here a degenerate Bose-Einstein gas, 
whose distribution function has the form (we use the system of units 
where the Boltzmann constant is fee = 1) 

.f"(Tv,g,Mv(r;),7?) = jexp 

where Tv is the boson temperature. We set apart the problem of the- 
oretically validating such a statistical system and its thermodynamic 
exchange, only assuming fulfillment of specific conditions ensuring 
its existence. In particular, we can introduce the notion of the tem- 
perature Tv only in an equilibrium system. A thermal equilibrium 
is thought to be stable if the time within which the vector-boson 
temperature Tv is established, that is, the relaxation time ^3 

^rel = HTv)(Tscatr^ (D.30) 

(expressed in terms of their density n(Tv) and the scattering cross 
section o-gcat. ~ IZ-^Dj does not exceed the time of vector-boson- 
density formation owing to cosmological creation, the latter time be- 
ing controlled by the primordial Hubble parameter r/v = l/Hj. From 
formula (|D.30P it follows, that the particle-number density is propor- 
tional to the product of the Hubble parameter and the mass squared, 
that is an integral of the motion in the present example: 

n(Tv) = n(Tv, 77v) ^ CnHiMf, (D.31) 

where Ch is a constant. The expression for the density n{Tv,ri) in 
Eq. l|D.3ip assumes the form 



(D.32) 



^v(^7)-Mv(??) 
Tv 



(D.29) 



nv(Tv,?7) = — ^ / dqq^T {T^,q,M{-q),r]) 
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Here, the probability of the production of a longitudinal and a trans- 
verse boson with a specific momentum in an ensemble featuring ex- 
change interaction is given (in accordance with the multipHcation 
law for probabilities) by the product of two probabilities, the prob- 
ability of their cosmological creation, A/""'^ and the probability of a 
single-particle state of vector bosons obeying the Bose-Einstein dis- 
tribution ilEMl. 

A dominant contribution to the integral l|D.32p from the region 
of high momenta (in the above idealized analysis disregarding the 
Boltzmann factor, this resulted in a divergence) implies the relativis- 
tic temperature dependence of the density, 

n{T,,7j^) = CTTl (D.33) 

where Ct is a coefficient. A numerical calculation of the integral 
l|D.32p for the values Tv — Mj — Hj, which follow from the assump- 
tion about the choice of initial data (Ct = Ch), reveals that this inte- 
gral (|D.32p is weakly dependent on time in the region rj > r/y = HJ^ 
and, for the constant Ct, yields the value 

Ct = ^ = ^{[1,877]II+2[0,277]^ = 2,431} , (D.34) 



where the contributions of longitudinal and transverse bosons are 
labeled with the superscripts (||, _L), respectively. 

On the other hand, the lifetime 77^ of product bosons in the early 
Universe in dimensionless units tt = Vl/vi^ where rji = (2Hj)~^, 
can be estimated by using the equation of state a'^{r]) = a'j{l + tl) 
and the W-boson lifetime within the Standard Model. Specifically, 
we have 

2gjsin^ V) 2sin^ 9^w) 
i + tl = — — - — - — , [D..ia) 

aQEoMwiVL) aQED7vVl + tl 

where 9(^w) is the Weinberg angle, aqED = 1/137 is the fine-structure 
constant, and -fv = Mi/Hj > 1. 
From the solution to Eq. l|D.35p . 

.. + l^(^i=^V'^-g5 (D.36) 

\^ 7vaQED J ^t,' 

it follows that, at 7v = 1, the lifetime of product bosons is an order 
of magnitude longer than the Universe relaxation time: 

TL = ^ ~ ^73 - 1 = (D.37) 

Therefore, we can introduce the notion of the vector-boson tem- 
perature Tv , which is inherited by the final vector boson decay prod- 
ucts (photons). According to currently prevalent concepts, these 
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photons form cosmic microwave background radiation in the Uni- 
verse. Indeed, suppose that one photon comes from the annihilation 
of the products of M^'''-boson decay and that the other comes from 
Z-bosons. In view of the fact that the volume of the Universe is con- 
stant within the evolution model being considered, it is then natural 
to expect that the photon density coincides with the boson density 

m 

1 

n^=T^— {2.404} ~nv. (D.38) 

On the basis of |[D3T1) . ([EMI, (|D341) and (fOSl) we can estimate 
the temperature of cosmic microwave background radiation arising 
upon the annihilation and decay of W'^ and Z-bosons: 



2.431 



2.404 • 2 



1/3 

= O.STv, (D.39) 



taking into account that the temperature of vector-bosons — 
[HiMf]^/"^ is an invariant quantity in the described model. This 
invariant can be estimated at 

Tv = [HjAlf]^^^ = [HoM^]^/^ = 2.73/0.8ii: = 3AIK (D.40) 

which is a value that is astonishingly close to the observed tempera- 
ture of cosmic microwave background radiation. In the present case, 
this directly follows, as is seen from the above analysis of our numer- 
ical calculations, from the dominance of longitudinal vector bosons 
with high momenta and from the fact that the relaxation time is 
equal to the inverse Hubble parameter. The inclusion of physical 
processes, like the heating of photons owing to electron-positron an- 
nihilation 6+ e~ [98j amounts to multiplying the photon temperature 
l(D39l) by (11/4)1/3 = 1.4 therefore, we have 

T^(e+ e") ~ (11/4)1/30,87; ^ 2.77 K . (DAI) 

We note that, in other models j99], the fluctuations of the product- 
particle density are related to primary fluctuations of cosmic mi- 
crowave background radiation |100j . 



D.2.3 Inverse Effect of Product Particles on the Evolution 
of the Universe 

The equation of motion (p''^{r]) — ptot{il), with the Hubble parameter 
deflned as H — ^' means that, at any instant of time, the energy 
density in the Universe is equal to the so-called critical density; that 
is 
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The dominance of matter obeying the extremely rigid equation of 
state imphes the existence of an approximate integral of the motion 
in the form 

On this basis, we can immediately find the ratio of the product- 
vector-boson energy, Pvivi) ~ T** ~ Hf ~ Mf, to the density of the 
Universe in the extremely rigid state, ptotivi) — H]lp], 

Ptot(?7/) 'fi (Po 

This value indicates that the inverse effect of product particles on the 
evolution of the Universe is negligible. 

The primordial mesons before their decays polarize the Dirac 
fermion vacuum and give the baryon asymmetry frozen by the CP - 
violation, so that nt/n^ ^ Xcp ^ 10~^ and fib ~ aqcd/ sin'^ 6'(w) ^ 
0.03. 

D.2.4 Baryon-antibaryon Asymmetry of Matter in the Uni- 
verse 

In each of the three generations of leptons (e,/^,r) and color quarks, 
we have four fermion doublets- in all, there are ul = 12 of them. 
Each of 12 fermion doublets interacts with the triplet of non-Abelian 
fields = (Ty(-) + l¥(+))/y2, = i{W^-'> - W^+^)/V2, and 
A^ — Zj cos B{w) , the corresponding coupling constant being g = 
e/ sin0(vy). 

It is well known that, because of a triangle anomaly, W- and Z- bo- 
son interaction with lefthanded fermion doublets V'l ; * = l,2,...,nL, 
leads to a nonconservation of the number of fermions of each type (j) 
[ToTlfTMfTM] . 

SmjS - ^TrF^.*/'^., (D.43) 

where = —iF^^,g\YTa/2 is the strength of the vector fields, F^^, — 
d^^Al - d,Al + ge'^^'^AlAl. 

Taking the integral of the equality in (|D.43P with respect to the 
four-dimensional variable x, we can find a relation between the change 
l^pi"^) = J d'^xd^jf'^ the fermion number F^^^ — J cPxj'^^ and the 
Chern-Simons functional, Ncs — / d^xTTF^„*F^„: 

AF^'^=Ncs^O, i = 1,2,..., TIL. (D.44) 

The equality in (|D.44p is considered as a selection rule - that is, the 
fermion number changes identically for all fermion types: Ncs — 
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AL'^ = AL'^ = AL^ — AB/3; at the same time, the change in the 
baryon charge B and the change in the lepton charge L = L^+L^^+L'^ 
are related to each other in such a way that B — L is conserved, while 
B + L is not invariant. Upon taking the sum of the equalities in 
p.44p over all doublets, one can obtain A{B + L) = 12Ncs 0M!- 

We can evaluate the expectation value of the Chern-Simons func- 
tional l|D.44p (in the lowest order of perturbation theory in the cou- 
pling constant) in the Bogolyubov vacuum 6|0 >sq— 0. Specifically, 
we have 

Ncs = Nw + Nz=- f "^'^ sq(o|w;/F;jo)sq, 



v=W,Z 







(D.45) 

where riL„ and 77^^ are the W- and the Z-boson lifetime, and A'w 
and Nz are the contributions of primordial W and Z bosons, re- 
spectively. The integral over the conformal spacetime bounded by 
three-dimensional hypersurfaces i] — and rj ~ r]L is given by 



^^0 











where v = W,Z] 

4aQED r, OQED 

= —^-7 , Pz = — ^- 5- , (D.46) 

sm Of^w) sm Wf^y) cos"^ O^y/) 

and the rotation parameter 

i?v = - sinh(2r) sin(26') 

is specified by relevant solutions to the Bogolyubov equations (|D.26P . 
Upon a numerical calculation of this integral, we can estimate the 
expectation value of the Chern-Simons functional in the state of pri- 
mordial bosons. 

At the vector-boson-lifetime values of tl„, — 15, r^^ — 30, this 
yields the following result at 

Ncs _ {N^ + Nz) «QBD (, , 1.44 + ^-41 | ^ 1.2 . 



(D.47) 

On this basis, the violation of the fermion-number density in the 
cosmological model being considered can be estimated as [Ml 111] 



= ^^1.2n„ (D.48) 
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where = 2, 402 x T^/ir'^ is the number density of photons forming 
cosmic microwave background radiation. 

According to Sakharov [104J this violation of the fermion number 
is frozen by CP nonconservation, this leading to the baryon-number 
density 



nb = X, 



cp- 



(r) 



Xcpn^ 



(D.49) 



where the factor Xcp is determined by the superweak interaction of 
d and s quarks, which is responsible for CP violation experimentally 
observed in ii'-meson decays |105) . 

From the ratio of the number of baryons to the number of photons, 
one can deduce an estimate of the superweak-interaction coupling 
constant: Xqp ~ 10~^. Thus, the evolution of the Universe, primary 
vector bosons, and the aforementioned superweak interaction |105| 
(it is responsible for CP violation and is characterized by a coupling- 
constant value of Xc p ~ 10~^) lead to baryon-antibaryon asymmetry 
of the Universe, the respective baryon density being 



Phiri = Vl) 



10-9 X lO-^Vrl^ - vl). 



(D.50) 



In order to assess the further evolution of the baryon density, one can 
take here the W-boson lifetime for ry^. 

Upon the decay of the vector bosons in question, their temper- 
ature is inherited by cosmic microwave background radiation. The 
subsequent evolution of matter in a stationary cold universe is an ex- 
act replica of the well-known scenario of a hot universe [106], since this 
evolution is governed by conformally invariant mass-to-temperature 
ratios m/T. 

Formulas l|D.35p . (|2.39p . and (jP.SOP make it possible to assess 
the ratio of the present-day values of the baryon density and the 
density of the scalar field, which plays the role of primordial conformal 
quintessence in the model being considered. We have 



Per (770) 
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^0 
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(D.51) 



where we have considered that the baryon density increases in propor- 
tion to the mass and that the density of the primordial quintessence 
decreases in inverse proportion to the mass squared. We recall that 
the ratio [^ol'-Pi]^ is approximately equal to 10'''^ and that the ratio 
[^i/'^l]^ is determined by the boson lifetime in (|D.36P and by the 



equation of state ip{rf) 
at 



Y^. On this basis, we can estimate r2b('7o) 



10 



-43 



10 
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3/2 



10 



-43 



O-QED 



sm 



- 0.03, 
(D.52) 
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which is compatible with observational data [107j . 

Thus, the general theory of relativity and the Standard Model, 
which are supplemented with a free scalar field in a specific reference 
frame with the initial data (p/ = 10^ Hi = 2.7 K, do not contradict 
the following scenario of the evolution of the Universe within confor- 
mal cosmology [63^ 164): 

T] ^ lO^^^s, creation of vector bosons from a "vacuum"; 

lO^^^s < 7/ < 10^^^ 10^^°s, formation of baryon-antibaryon asym- 
metry; 

r] ~ 10~^'^s, decay of vector bosons; 

10^^°c < 77 < lO^^s, primordial chemical evolution of matter; 

77 ~ lO^^s, recombination or separation of cosmic microwave back- 
ground radiation; 

77 ^ lO^^s, formation of galaxies; 

77 > lO^^s, terrestrial experiments and evolution of supernovae. 
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